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Honorable Brendan T. Byrne
Governor of New Jersey
Trenton, NJ O~62l 7 MAY 1919

Dear Governor Byrne:

• Inclosed is the Phase I Inspection Report for Mill Dam in

• Burlington County, New Jersey which has been prepared under authorization of
the Darn Inspection Act, Public Law 92—367. A brief assessment of
the dais’s condition is given in the front of the report.

Based on visual inspection, available records, calculations and past
• operational performance, Mill Darn, a high hazard potential structure,

- is judged to be in fair overall condition. The dam’s spiliway is
considered inadequate since 21 percent of the Spiliway Design Flood —

SDF — would overtop the darn. (The SDF, in this instance, is one half
• of the Probable Maximum Flood). The decision to consider the spiliway

“inadequate” instead of “seriously inadequate” is based on the fact
that failure from overtopping would not significantly increase the
hazard to loss of life downstream from the darn fro. that which would
exist just before overtopping failure. To insure adequacy of the
structure, the following actions, as a minimum , are recd euded:

I a. The spiliway’s adequacy should be determined by a qualified
professional consultant engaged by the owner using more sophisticated

f methods, procedures, and studies within six months fro. the date of
approval of this report . Any remedial measures necessary to insur , the
adequac y of the spiliway and to prevent overtopping should be initiated
within calendar year 1980 . In the inter im, a detailed emergency opera-
tion plan and warning system should be pr~~~tly developed . Also, during

• 
• 

periods of unusually heavy precipitation , around—the -clock surveillance
should be provided .

b. The following remedial actions should be completed within six
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NAP!N-fl
Honorable Brendan T. Byrne

months from the date of approval of this report:

(1) All trees and brush on the earthf ill portions of the dam should
be removed with minimal disturbance of the darn surface.

(2) The concrete spillway facilities at the Mill Dam Spiliway, the
abandoned power house and the Mill Race Spilivay should be thoroughly
inspected. Concrete surfaces should be sandblasted and coated with an
epoxy sealant after all cracks are pressure grouted.

(3) The steel sheet piling installed on the downstream side of the
darn should be cleaned of rust and remaining bituminous paint where possible
and coated with a suitable durable sealant down to the mud line.

(4) The eroded area at the downstream end of the steel sheet pile
wall on the east aide of the downstream channel should be filled and
stabilized.

(5) Debris accumulated in the spillway area and beneath the gates
should be removed. Inoperable gates should be repaired.

C (6) Initiate a program to monitor possible seepage and subsidence.

(7) Perform a topographic survey to establish present conditions
for reference in future inspection..

(8) Initiate a formal program of annual inspections using standard—
ized check—list forms .

A copy of the report is being furnished to Mr. Dirk C. Hofman , New
Jersey Department of Environmental Protection, the designated State __

Office contact for this program. Within five days of the date .f this
letter , a copy will also be sent to Congressman Edwin B. Forsythe of
the Sixth District. Under the pr ovision of the Freedom of
Information Act , the inspec tion report will be subject to release
by this office , upon request , five days af ter the date of this
letter.

ACCESS?ON for 
________

NTIS W - : e  ~-‘ction ~~
DOC 841 Scct ion ~~
UNANNOU~ CrD C
JUSrrICATION

BY

~~~~~~ ~~ ~r; ri•y I~ES
St~~1AL
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Ismerabla Iroudan T. lyrms

Additia.al cepi.. of this repast y be obtaimsd from the Iatla.al
1ehsical Imfszmetiou Ssrvicss (NTIS) , primgfi.ld, Ytrgiaia 22161
at a rss omable e.et . Please .11 ~ , four to six meek, from the dats of
this lstt.r for NTIS to have espie, of the report available.

Am laportamt sp.ct of the Safety Program ~i1l be the 1epl~~~ tatioa
of the r.ee rdegios. made as a r amlt of the iasp.ctiem. Vs accordingly
r~~-~at that me be advimad of prepoasd actions tal e, by the State to
iepl se our r.ec~~~~dat1oma.

Sincerely ,

1 mci JAN11 C.
As stated Colonel, Corp. of Sagimeers

District bgiae.r

Copies furmiabsd :( Dirt C. 1.f~~~, P.L, .
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MILl. DAM (N.1fl0540)

CORPS OF FN CINEERS _ ASSFSSM F.NT 1W CF.NFRAL CONMTIONS

This dam was Inspected on 18 December 1978 by Storch Rngineers /
under contract to the State of New Tersey. The State ,
under agreement with the IT . S. Army Pngineer District , PhiladeiDhia ,
had this inspection performed in accordance with the National Dais tnsnection
Act, Public Law 92- 167.

Mill Dam, a high hazard potential structure , is judged to he in fair over-
all condition. The dam ’s spiliway is considered inadequate since 21
percent of the Spiliway Design Flood — SI)? — would overtop the dam . (The
SI)? , in this instance, is one half of the Probable Maximum Flood). The
decision to consider the spiliway “inadequate” instead of “seriously
inadequate” Is based on the fact that failure from overtopping would not
significantly increase the hazard to loss of life downstream from the dam
from that which would exist just before overtonping failure. To insure
adequacy of the structure , the following actions, as a min imum, are
recomeended :

a. The snillvay ’s adequacy should be determined by a qualified
professional consultant engaged by the owner using more sophisticated
methods, procedures, and studies within six months from the date of
approval of this report. Any remedial measures necessary to insure the( adequacy of the spiliway and to prevent overtopping should be initiated
within calendar year 1980. In the interim , a detailed emergency opera-
tion plan and warning system should he promptly developed . Also, during
periods of unusually heavy precipitation, around—the—clock surveillance
should be provided .

b. The following remedial actions should he completed within six
mo~tths from the date of approval of this report:

(1) All trees and brush on the earthfill portions of the dam should
he removed with minimal disturbance of the darn surface.

(2) The concrete spillvay facilities at the Mill Darn Spillway, the
abandoned power house and the Mill Race Spilivay should he thoroughly
inspected . Concrete surfaces should be sandblasted and coated with an
epoxy sealant after all cracks are pressure grouted .

(3) The steel sheet piling installed on the downstream side of the
dam should be cleaned of rust and remaining bituminous paint where possible
and coated with a suitable durable sealant down to the mud line .

,
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(4) The eroded area at the downstream end of the steel sheet pile
wall on the east side of the downstream channel should be filled and
stabilized .

(5) Debris accumulated in the spilivay area and beneath the gates
should he removed . Inoperable gates should he repaired.

(6) Initiate a program to monitor possible seepage and subsidence.

(7) Perform a topographic survey to establish present conditions
for reference In  f u tu re  Inspect ions .

(8) Initiate a formal program of annual inspections using standard-
ized check—list forms.

APPROV E!) : ,<i Pcrd ’~( JkMES C. TOk. 
—

Colonel , Corps of Engineers
District Engineer

DATE : 
_ _ _ _ _ _ _ _

.

I; ~~
~,
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C ‘ PHASE I REPORT
NATIONAL DAM SAFETY PROGRAM

Name of Dam: • M i ll  Dam , NJ00540
State Located: • New Jersey
County Located: Burlington
Drainage Basin: Delaware River
Stream: Nor th Bran ch Rancocas Creek
Date of Inspection: December 18, 1978

Assessment of General Condition of Dam

Mill Dam is in fair overall condition, and outwardly structurally
stable. The hydraulic capacity of the spiliways is . inadequate. The SOF
(Spiliway Design Flood) for Mill Dam is 1/2 PMF (Probable Maximum Flood).
The spillways at Mill Dam are capable of passing about 10 percent of the
PMF (20 percent of the SDF).

The following remedial measures should be implemented by the owner in
the near future.

1) All trees and brush on the earthflll portions of the dam
should be removed with minimal disturbance of the dam surface.

2) The concrete spiliway facilities at the Mill Dam Spillway , the
• • abandoned power house and the Mill Race Spiliway should be

thoroughly inspected. Concrete surfaces should be sandblasted
and coated wi th an epoxy sealant after all cracks are pressure
grouted.

3) The steel sheet pili ng installed on the downstream side of the
dam should be cleaned of rust and remaining bituminous paint
and coated wi th a suitable durable sealant down to the mud
l ine. 
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C 4) The eroded area at the downstream end of the steel sheet pile
wall on the east side of the downstream channel should be
filled and stabilized .

5) Debris accumulated in the spiliway area and beneath the gates
should be removed. Inoperable gates should be repai red.

The owner of the dam should initiate a formal program of annual in-
spection and maintenance with special attention given to the operational
adequacy of the timber slide gates in the near future. The inspections
should be performed by a qualif ied professiona l engineer and the obser-
vations and measurements should be recorded on standardized check-list
forms. Inspection check-lists and complete records of maintenance
should be included in a permanent file , available for publi c inspection.
Repairs should be performed annually: remove brush and trees from the
dam and clear debris from the spillway openings. The impoundment should
be drawn down completely at least once every five years for the purpose
of removing sediment at the spiliway and to permi t complete inspection
and repair of the dam and appurtenances .

A qualified professional engineer should be engaged soon to perform a

more sophisticated hydrologic and hydraulic analysis of tr.e watershed ,

• sp i liwa ys an d the downs tream channe l , and to design modifications to the
dam and spiliways so that a storm equivalent to the SDF can be accommodated.

A comprehensive topographic survey of the dam and appurtenances should
be performed in the near future by a licensed land surveyor or qualified
professional engineer soon to establish the present conditions at the
dam. This survey should be included in the owner ’s permanent fi le for
the dam.

- 
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Quarterly inspections should be initiated soon to observe and monitor
possible seepage and subsidence along the dam , especially in the area of
the dam west of the power house where the pervious riprap core was
constructed.

Richard J. McDermott, P.E.

H

I
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C PREFACE

This report is prepared under guidance contained In the Recommended

Gu idel ines for Safety Inspec tion of Dams , for Phase I Investigations.
Copies of these guidelines piay be obtained from the Office of Chief
of Eng ineers , Wash i ngton , D.C. 30214. The purpose of a Phase I

Investigation is to identify expeditiousl y those dams which may
pose hazards to human l ife ~r property. The assessment of the

general conditi on of the dam is based u pon avai lab le data and
visual inspections. Detailed investigation , and anal yses invol v ing
topographic mapping, subsurface investigations, testing, and detailed

computa tional eva l uati ons are beyond the scope of a Phase I inves tigation ;
however , the investigation is intended to identify any need for
such studies.

In reviewing this report, it should be realized that the reported
condition of the dam is based on observations of field conditions
at the time of inspection along with data available to the inspection
team. It is important to note that the condition of dam depends on
numerous and constantly changing internal and external conditions,
and is evolutionary in nature. It would be incorrect to assume
that the present condition of the dam will continue to represent
the condition of the dam at some point in the future. Only through
continued care and inspection can there he any chance that the
unsafe conditions be detected.

Phase I Inspections are not intended to provide detailed hydrologic
and hydraulic analyses. In accordance wi th the established Guidelines ,
the Splllway Test flood is based on the estimated TMProbable Max imum
Flood ’1 for the region (greatest reasonably possible storm runoff),
or fractions thereof. The test flood provides a measure of relative
splllway capacity and serves as an aid in determining the need for
more detaile~4’hydrologjc and hydraulic studies, considering the
size of the dam, its general condition and the downstream damage

C’ potential.

vii
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• C: PHASE I INSPECTION REP ORT
- :- NATIONAL DPJI SAFETY PROGRNI

MILL DAM 1.0. NJ00540

SECTION 1: PROJECT INFORMATION

1.1 General -

a. Author ity

Public Law 92—367, Augus t 8, 1972 au thor ized the Secretary
of the Army, through the Corps of Engineers , to Initiate
a National Program of Dam Inspection throughout the
United States. The Division 0f Water Resources of the
New Jersey Department of Environmental Protection (NJDEP)
in cooperation wi th the Philadelphia District of the
Corps of Engineers has been assigned the responsibility
of supervising the inspection of dams within the State of
New Jersey. Storch Engineers has been retained by the

- NJDEP to Inspect and report on a selected group of these
darns. The NJDEP is under agreement wi th the Philadelphia

• District of the Corps of Enqlneers.

• b. Purpose of Inspection

Mill Dam was Inspected on December 8, 1978 to generally
assess the structural integrity-and operational adequacy
of the darn and appurtenances.

C)
1
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• ( 1.2 Description of Project

a. Description of Dam and Appurtenances

The fac i l iti es at M i ll Dam cons ist of a rein forced concre te
gated spillway structure (Mill Dam Spiliway) and an abandoned

• power house connected by an intervening earth area which
extend east/west. A by-pass channel known as Mill Race
continues to the west from the abandoned power house to a
concrete spiliway structure (Mill Race Spiliway).

Discharge from the Mill Dam Spiliway and from the Power House
Spillway flows directly into the North Branch of Rancocas
Creek. The Mill Race flow enters the North Branch of Rancocas
Creek about 4000 feet downstream from the dam.

The earth portions of the dam are located between the Mill Dam
Spiliway and the power house and also extend east of the Mill
Darn Spiliway and west of the power house. The portion between
the Mill Dam Spiliway and the power house is flat at about
elevation 10.6 feet (MSL) and is approximately 80 feet long
and 55 feet wide. The upstream face of this area consists of
an un protected earth slo pe. . The downstream side is bulkheaded
for about half its l ength with steel sheet piling topped with
a masonry wall and the rema i~der with timber sheet piling .

The earth area west of the power house Is approximately 60
feet long with a. crest 30 feet wide at elevation 10.6. The

• upstream side of the earth area along Mill Race is faced with
grouted riprap. The downstream side is bulkheaded with steel
sheet piling topped with a masonry wall.

2
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( Reportedly, this area was breached in 1972 and as part of the
repair work a pervious rock core was incorporated into the
embankment. There was no downstream flooding damage attri-
butable to the breaching of Mill Dam. However, flooding of
residential and commercial structures in the downstream area
occurred as a resul t of the combi na tion of storm runo ff and
tidal stage.

The por tion of the dam eas t of the M i l l  Darn Spi l lwa y extends
about 15 feet to the upstream creek bank. The upstream creek

• bank is stabilized with a steel sheet pile bulkhead. The 15
feet of bank between the bulkhead and the east side of Mill
Dam Spillway is unprotected. Downstream from the Mil l Dam
Spillway the east channel bank is retained by a steel sheet
pile bulkhead topped by a masonry wall.

The M i ll Dam Spi l iway cons i sts of a concrete foun dation sla b
abou t 55 feet lon g w ith concre te tra i n i ng walls  on the east
and west. The area between the training walls is divided into
seven sections by concrete piers connected on top by a con-
tinuous concrete deck beam. Each opening is approximately
7.25 feet wide and 15.4 feet high.

The seven open ings are con trolle d with manuall y opera ted
--.3 timber slide gates with timber lifting stems. The top of the

gates forms a sharp-crested weir at ab~ut elevation 3.8 which
naturally controls the impoundment water level by overflow.
The top of the gates are 6.8 feet below- the crest of the dam.

3
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(. The aban doned power house west of the M i ll Dam Spi l lwa y has
three gated openings about 7.2 feet wide set between concrete
piers and end training walls. This facility was once used to
generate electrical power on a limi ted scale. These gates are
presen tly i nopera ble an d serve as an additi onal over flow
spillway with its crest elevation 6.4.

Mill Race consists of a narrow by-pass channel , extending west
from the abandoned power house. Discharge through this channel
is control led by a spiliway with a total weir length of 20
feet consisting of two uncontrolled concrete weirs , 7 feet
w ide, flanking a timber slide gate 6 feet wide. The crests of H
the concrete weirs are at elevation 5.9 about 4.7 feet below
the dam crest. The slide gate also serves as an overflow weir
with its crest at elevation 5.6 about 5.0 feet below the dam
crest.

The sl ide gate in the Mill Race Spillway serves as the outlet
works for the impoundment.

b. Location

Mill Dam impounds a portion of the North Branch of Rancocas
Creek and is l oca ted i n the sou theas t section of Moun t Holl y
Township, Burlington County, New Jersey.

Discharge from the Mi ll Dam Spi llway and the abandoned power
house spiIlway at Mill Dam and from Mill Race enters the North
Branch of Rancocas Creek which flows into the Delaware River.
The creek downstream from Mill Dam is tidally influenced .

(
4
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c. Size and Hazard Classification

Size and Hazard Classification criteria presented in “Recom-
mended Guidelines for Safety Inspection of Dams”, published by
the U.S. Army Corps of Engineers are as follows:

SIZE CLASSIFICATION

Impoundment
-

• Category Storage (Ac-ft). Height (Ft)
Small <1000 and >50 <40 and >25
Intermediate >1000 and <50,000 >40 and <100

• Large >50,000 . >100

HAZARD POTENTIAL CLASSIFI CATION

- 

Category Loss of Li fe Economic Loss

• (Extent of Development) (Extent of Development)
Low None expected (no per- Minimal (Undeveloped

manen t struc tures for to occas ional struc tures
• 

- human habitation) or agriculture)

• Significant Few (No urban develop— Appreciable (Notable
ments and no more Ihan agriculture , industry

- 
a small number of or structures)
inhabi table structures)

- - High More than few Excessive (Extensive
commun ity , industry

- or agricul ture)

;• 
1 )

_ _ _ _  
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The characteristics of Mi ll  Darn are :

Storage = 927 acre-feet (at top of dam)

Height = 14.6 feet

• Potential Loss of Life: Approximately 15 residential and
comerc ial structures in 

•

the downstream SDF flood plain.

Potential Economic Loss: Flooding of residential and
commercial development.
Three road b-ridges
downstream 

•
at 1500, 4000

and 4400 feet from the darn .
One pedestrian bridge about
500 feet downstream.

Therefore, M i l l  Dam is classi fied as “Small” size wi th
uHighil hazard potential.

d. Ownership

Mill Darn and appu rtenances are owned by Mount Holly
Township.

• e. Purpose of the Dam

Mill  Dam was originally constructed to impound a water
supply source and was later used for electrical power

• generation. Presently the darn impounds a recreational
pond with park area and residential development along its
shoreline.

~ 1 6 
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C f. Design and Construction History

Information pertaining to the design and construction of the
facilities at Mill Dam, M i ll  Race and the aban doned power
house is not available.

The dam was repor tedl y cons tructed in 1845 to impound a wa ter
supply source for Mount Holly Township. In 1973- repairs were
performed in the area west of the abandoned power house after

• the dam was breached in 1972. The repair work consisted :
filling the breached area; constructing a pervious riprap
core; installing steel sheet piling at the toe of the masonry
wall along the downstream side of the dam; pointing the
existing masonry wall; filling the intervening area between
the masonry wall and the sheet piling with concrete; installing

• steel sheet pi l ing returns from the ends of the masonry walls
and replacing timber piles , wales and hardware (including tie -rod from turn buckle) between the end of the masonry wal l an d H
the power house.

There was no downstream flooding damage attributal to the
breaching of Mill Dam. However, flooding of residential and
comerc ial struc tures in the downs tream area did occur as a
resul t of the combination of storm runoff and tidal stage.

g. Normal Operational Procedure

Thd gate facilities at Mill Dam and Mill Race are operated by
public works personnel of Mount Holly Township. There is no

• forma l operational procedure for the use of these facilities .
The go~~- In the Mill Dam SpIllway are opened during intense
storms so as to relieve upstream flooding and prevent over-
topping dam.

C) -
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1.3 Pertinent Data

a. Drainage Area - 144 square miles

b. Discharge at Damsite

Max imum known fl ood at dams ite Dam breache d 1972

Ou tl et works at pool eleva tion

(Gate at Mill Race Spillway) 78 c.f.s.

Diversion tunnel low pool outl et

at pool elevation N.A.

Diversion tunnel outlet at

normal pool elevation N.A.

Gated spillway capacity at normal

pool elevation 14 c.f.s. (Estimated)

Gated spillway capacity at top

of dam (Mill Dam Spillway) 1684 c.f.s. -

Gated Spiliway capacity at top

of dam (Power House) 270 c.f.s.

• 
- 

Gated spiliway capacity at top

of dam (Mill Race Spiliway) 148 c.f.s.
-

- 
- Ungated spillway capacity at top

• of dam (Mill Race Spillway) 564 c.f.s.

Tota l spi llway capac ity at top

of dam 2666 -c.f.s.

8 •
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( c. Elevation (NGVD)

Top of Dam 10.6

Maximum pool-design surcharge • 12.9

Full flood control pool N.A.

Recreation pool 4.0

Spiliway crest 3.8 (Mill Dam Spiilway )

6.4 (Power House Spillway)

5.6 (Mill Race Spillway )

Upstream portal i nvert diversion

tunnel N.A.

Downstream bed at centerline 0f Mill

Dam Spillway —4.0

Maximum tailwater 12.9(Estimated)

d. Reservoir

Length of pool at top of dam 3500 feet (Estimated)

Length of recreation pool 3000 feet

Length of flood control pool N.A . 
• 

•

e. Storage (Acre-feet)

Recreation pool 102 acre-feet

Flood control pool N.A.

( )  Design surcharge 851 acre-feet

Top of dam 566 acre-feet

— 9
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f. Reservoir Surface (Acres)

Top of dam 131 acres (estimated)

Maximum pool 165 acres (estimated)

Flood control pool N.A.

Recrea ti on pool 37 acres
Spillway crest 37 acres

g. Dam

Type Earthfill

Length 240 feet

Height 14.6 feet

Side slopes ,- Upstream I horiz. to I vert.

Downstream Vertical Retaining

Walls

Zoning Pervious riprap core

-
~~~~ . west of power house.

• -

~ 

- 
Unknown in rema in ing

areas.

Impervious core Unknown

Cutoff Unknown

Grout cur ta in Unkn own

I
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h. Diversion and Regulating Tunnel N.A.

1. Miii Dam Spillway

Type Timber-Slide Gates

Length of weir 50.8 feet

Crest elevation 93.8

Gates Manual Timber Sl ide

Gates (7 gates)

7. 25 ’ wIde

by 7.8’ high

Upstream channel Nor th Branch Roncocas

Creek

— 
Downstream channel North Branch Roncoas

Creek

J. Mill  Race Spillwa y

Type Concrete Weirs and

• 
- . Timber Slide Gate

• 
- Length of weir 20 feet

Crest elevation 95.9 feet(Conc. Weir)

95.6 feet(Timber Slide Gate)

Gate Timber Slide Gate

Upstream Channel Mill Race

Downstream Channel Mill Race

• ()

11
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SECTION 2: ENGINEERING DATA

2.1 Design

There is no eng ineerin g data ava i lable for •
the darn, nor any of

the sp l l lwa y struc ture s (M i l l  Darn Sp i l iway, Mill Race Spiliway ,
and the abandoned power house).

One cons truc tion draw ing was obta ined from Moun t Holl y Townsh ip
for improvements made to the reta i n i ng wall structures immedi atel y
downstream from M i l l  Dam Spillway and the abandoned power
house. This drawi ng dated May 1973 titled “Repai rs to Mill
Dam Walls ”, was prepared by Richard A. Alaimo Associates, 200
High Street, Moun t Holl y, New Jersey. Calculations are not
availa ble for these repairs .

2.2 Construction

There are no records available for the construction or repair
of the dam and appurtenances .

2.3 ~ erat ion

- - No formal records of the operation of the dam have been kept
• by the owner. The water level in the impoundment is lowered

periodically to clean the spillways and remove sediment~

•
~ •

:~ ~
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( The impoundment water l evel is monitored during intense storms by
municipal officials and employees and the gates are opened to
increase discharge.

2.4 Evalua tion

a. Availability

En gi neer ing data for the or igi nal dam and appur tenances are
not available. One construction drawing was obtained for the
repair of the downstream retaining walls from Mount Holly
Townsh ip .

b. Adequacy

Essen tiall y no en gi neer ing data i s ava i lable for Mi ll Dam.
The construc tion draw ing obta ined from Moun t Holl y Towns hip
perta ins sol ely to repa ir of the walls alon g the downs tream
side of the dam and is not of significant assistance in
performing a Phase I assessment for the dam.

c. Validity

No data were available for the original dam construction . The
drawing for the repair work performed on the walls along the
downstream side of the dam Is generally accurate wi th respect
to the as-built conditions at the site.

(-
p
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• SECTION 3: VISUAL INSPECTION

- 3.1 Findings

a. General

Mi l l  Dam was inspec ted on December 18, 1978, by members
of tne staff of Storch Engineers. A copy of the visual
Inspection check list is contained in Appendix 1. The
following procedures were employed for inspection :

1. The dam , appurtenant structures and adjacent
areas were examined .

2. The darn and accessible appurtenant structures
were measured and key elevations were determined
by hand level .

3. The dam, appurtenant structures and adjacent
areas were photographed. •

Information presented in the followi ng portions of this
— .• - - Section consists of observations made during the field

- • Inspection.

• 

-
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( b. Dam

The earthfi ll areas of M i ll Dam have an irregular hor izon tal
alignment , however the alignment was in conformance wi th the
construction drawing prepared for the. repair of the downstream
reta in i ng walls .  The ear thf i l l surfaces i n these areas were
level with thick grass cover and some trees. There were no
localized depressions or visible signs of distress.

The retaining structures on the downstream side of the dam
were generally plumb with no signs of distress. Most of the
bituminuous paint on the steel sheet piling had peeled off and
the exposed steel surfaces were coated wi th rust. It is
apparen t tha t as cons truc ted the dam would exhibit cons idera ble
resistance to breaching . The land areas extending east and
west from the dam are generall y fla t and at the same eleva tion
as the top of the dam (elevation 10.6). It is estimated that
the total overtopping l ength of the dam would be about 1000
feet at elevation 10.6. Overtopping discharge in the areas
adjacent to the dam would flow over expansive gently sloped
park land (Mill Dam Park and Iron Works Park) and eventually
rejoin the creek downstream of the dam.

Minor erosion was observed along the east side of the down-
stream channel , adjacent to the downstream return at the end
of the steel sheet pi le wal l .  Apparen tly surface runoff from
the adjacent area dra ins at thi s loca tion

The embankment between the Mill Dam Spillway and the abandoned

(• .\
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power house consisted of a natural earthslope at about 1.5 hori-
zontal to 1 vertical . This area was in good condition with no
erosion or animal burrows. The upstream embankment west of the
power house has been faced with grouted riprap and is in good
condition.

Surface soils in the vicinity of Mill Dam generally consist of silt
and sand with some clay and significant organic matter on the
surface. Underlying strata consist of silty and clayey sand inter—
bedded wi th sandy clay ; and sand , silty sand and sandy silt with
some gravel . The underlying strata are known as Mount Laurel and
Wenona h San ds, an d were depos ited dur i ng the Cretaceous Per iod .
Bedrock is more than 100 feet below the surface.

c. Appurtenant Structures

Mill Dam Spi liwa y

Mill Dam Spiliway was generally structurally sound with no no
ticeable differential movement. Numerous areas were observed where
concrete aggregate are exposed on the vertical faces of the piers
and the training walls. Reinforcing steel was exposed at the
downstream heels of several concrete piers . Spalling has occurred
at construction joints on the downstream face of the piers. The

• - upper surface of the continuous concrete deck beam spanning the
piers was spalled , however the reinforcing steel was not exposed.
The edges on the underside of the deck beam were cracked away at
the apex of arches at several of the openings.

(_

-
• 
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The timber slide gates were generally in poor condition. The
majority of the gates were either inoperable or very diffi cult to
raise. The second and third gates from the east side of the
spil iway were open at the time of the inspection.

Abandoned Power House

The spiliway facilities at the abandoned power house were generally
in poor condition, but appeared to be outwardly structurally sound.
Concrete surfaces were typified by exposed aggregate. The timber
slide gates were inoperable and closed at the time of inspection.

• Mill Race Spiliway

Spillway facilities on Mill Race were in fair condition. Concrete
surfaces exposed to flowing water exhibited exposed aggregate. The
timber slide gate at the center of the spillway is reportedly
operable, but was closed at the time of inspection.

d. Reservo i r Area

Mill Dam impounds a portion of the North Branch of Rancocas Creek
extending east from Mount Holly Township. The impoundment is

-~~ .• - - 

I 

approximately 3000 feet long and averages about 200 feet in width. -

The ininediate shoreline along the Impoundment consists of municipal
parks and residential development. -

(~ - 
• 

.
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The area surrounding the impoundment slopes up at about 3 hori-

• zontal to 1 vertical and steeper to a broad gently sloping flood
pla in.

The Mill Race area of the impoundment consists of a narrow by—pass
channel that leads west from the abandoned power house. The channel
ban ks, slo pe up at 3 hor izon tal to 1 ver tical an d steeper a lon g mos t
of its length. There was no noticeable sedimentation of the channel .

c. Downstream Channel

The downs tream channel from M i l l  Dam consists of the na tural channel
of the North Branch of Rancocas Creek. This portion of the creek
is tidally influenced and is subject to flooding during intense
storms as a resul t of comb ined storm runo ff and tidal stage.

The downstream channel has steep banks that rise about 2 feet above
the observed water l evel to a broad flat flood plain, consisting of
Mill Dam Park to the West and Iron Works Park to the east. Down-
stream from the parks for a d istance of abou t 1.5 mi les the fl ood
plain is developed with comercial and residential structures.
There are three road bridges over the downstream channel l ocated at
about 1500, 4000 and 4500 feet from the dam. There is one pedes-
trian bridge over - the channel located about 500 feet from the dam.

Mill Race extends west as a narrow channel from the Mill Race
Spiliway. Discharge from Mill Race joins the North Branch of
Rancocas Creek about 4000 feet downstream from the dam.

• 
( I

• 
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SECTION 4: OPERATIONAL PROCEDURES

4.1 Procedures

The water level i n the M i ll Dam impoundmen t i s normall y na turall y
controlled by overflow through the Mill Dam Spillway . During
periods of intense rainfall discharge also occurs at the Power

• House Spillway and Mill Race Spillway. Intense storm flows are
reportedly passed by opening slide gates at Mill Dam Spillway and
Mill Race Spillway and evacuating the low lying downstream areas.
Operation of the gates is performed by the Mount Holly Township
Road Department under the direction of the Mount Holly Civil
Defense Coordinator.

4.2 Maintenance of the Dam

There are no regular maintenance or inspection procedures for Mill
Dam and appurtenances . Maintenance is performed “as—needed” by

• Mount Holly Township. The impoundment is drawn down periodically
to perm it removal of sed imen t in the u pstream area , and inspec tion
and maintenance of the dam and appurtenances. -

There has been no maintenance documentation for the dam. The most
recent maintenance and repair-work at the dam was performed in 1973
after the earthf ill area west of the abandoned power house was
breached in 1972. Repair work consisted of repairing retaining
walls along the downstream channel in the area of Mill Dam Spiliway
and filling the breached area west of the abandoned power. Reportedly,
a pervious riprap core was constructed within the dam in the breached
area.

Based on observations made during the field inspection , ma intenance
of the earthf Ill portions of the dam has been adequate.

1) 
-
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However , the spillway facilities have been poorly maintained as
evidenced by spalled concrete areas, major areas of exposed aggre-
gate and exposed- reinforcing steel.

4.3 Maintenance of Operating Facilities

There is no regular ma intenance or ins pection of the opera ti ng
facilities at Mill Dam. Generally the slide gates are in poor
condition as evidenced by i noperability and difficult operation at
all but the Mill Race Spillway gate. There is no maintenance
documentation available for these gates.

— 4.4 Description of Warning System

There is no formal warning system for Mill Dam. During intense
storms the impoundment l evel is reportedly observed frequently by
local municipal officials and employees. Based on these observa-
tions the sl ide gates at Mill Dam Spiliway and Mill Race Spillway
are adjusted to augment discharge and residents in the downstream
flood plain are evacuated, because the combined effects of storm
runoff and tidal stage occasionally cause excessive flooding . 

- 

-

4.5 Evalua tion of Opera tiona l Adequacy

- , . - There has been no maintenance documentation for the facilities at
Mill Dam. Maintenance of the earthflil areas has been adequate,
however , operating facilities have been poorly maintained and

• allowed to lapse into a state of disrepair. The slide gates on the
splliway facilities are operationally Inadequate.

The Informa l warning system that has been developed is seriously

4 ~~~~. hindered by- inadequacy of the operating facilities at the dam. j

21 
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SECTION 5: HYDRAULIC /HYDROLOGIC

5.1 Evalua tion of Features

a. Design Data

Size and hazard classification were used in conjunction
with “Recommended Guidelines for Safety Inspection of
Dams ” pu bl i shed by the U.S. Army Cor ps of En gi neers to
establish the SDF (Spillway Design Flood ) for Mill Dam.
The appropriate design -range for this dam is 1/2 PMF to
PMF (Probable Maximum Flood). Since the characteristics
of Mill Dam as described in Section 1, fall into the
l ower end of the prescr ibed class ification ran ge, 1/2 PMF
i s used as the SDF.

The inf low hydrogra ph for the M i ll Dam impoundmen t was
• calcula ted using Clark’s Method with a synthetic time-area

curve. General hydrologic characteristics such as:
Dra inage Area ( DA ) , Surface Storage Index (S

~ 
) , Ma in

Channel Slope (S) and Man-made Impervious Cover Index (I)
were computed using USGS quadrangles and aerial photographs.
These data were used in conjunction with the following
equations to determine the Clark’s Method Parameters (R
and T~~): 

-

R/TC + R = 0.76

~o L2 .b~ ..~ .za
+ R = (DA/S) (S.~ ~

‘ 

(1 + 0.31)
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The total drainage area contributing to Mill Dam is 144
square miles . Most of the watershed is undeveloped
woodland , swamp and cranberry bogs. There are four
moderately sized population centers in the watershed :
Fort Dix Military Reservation, Pemberton , Vincetown and
Browns Mills. There is also considerable residential
develo pment alon g the shorel ine of the impoundmen t, :
upstream from the dam.

Reservoir storage capacities were estimated using surface
areas measure d from USGS quadran gles . Di scharge hydraul ics
for the spiliway facilities were computed by considering
the slide gates and concrete weir sections as sharp-crested
weirs (See Appendix 4).

The tidal influenc e of the downs tream channel resul ts i n
variabl e tailwater conditions. Since the largest hydraulic
d ifferen tial between the u pstream an d downs tream s id es of
the dam occurs at low ti de , the most serious downstream
hazard will exist at low tide. Accordingly, the stage
discharge with tailwater influence for Mill Dam was
evalua ted for a low tide condition, which is conservative.

-
• The SDF ln f low hydrogra ph was routed through the spi l iway

facilities at Mill Dam using the HEC-1-DB Computer Program
which indicated that the dam would be overtopped. The
HEC-1-DB analysis performed accurately models the stage
discharge characteristics for the dam up to the point of

• overtopping. Once the dam is overtopped the tailwater
elevation will increase rapidly, inundati ng the dam.

(
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At the start of overtopping there would be about one foot of
hydraulic differential between the upstream and downstream sides
of the dam. -

Based on the calculations in Appendix 4, the SDF peak inflow would
be about 14,055 c.f.s. and would occur about 15 hours after the dam
is inundated . Discharge and downstream flood stage during the
period when the dam is submerged can not be accurately determined
without a complete analyses of the downstream flood plain and
consideration of the changing tidal stage. -

It also was calculated that the existing spillways are adequate
for a maximum flow equivalent to 10 percent of the PMF without
overtopping the dam. Since the SDF for the dam is 1/2 of the
PMF , the spillways are adequate to accommodate 20 percent of
the SDF.

b. Experience Data

Reportedly, Mill Dam was breached in 1972. The area imniedi-
ately west of the abandoned power house was washed cut.
Reportedly, Mil l Dam has not been over top ped or breac hed s ince
1972.

Mun icipal off ic ials an d employees i n Moun t Holl y Towns hip
reportedly observe the impoundment water l evel during periods
of intense rainfall and adjust the gates in the spillways to
accommodate the storm flows.

24
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c. Visual Observation

At the time of the field inspection there was no evidence of
past overtopping.

d. Overtopping Potential

As indicated above, a storm of magnitude equal to the SDF
would cause overtopping of the dam. Once overtopped , the dam
would become submerged within a short period of time.

Based on field observations, overtopping at Mill Dam would
occur in the area of ~he dam , as well  as for a cons idera bl e
di stance alon g M i ll Race channel ban ks an d to the eas t of the
Mill Dam Spi l iway . The effective overtopped length would be
approximately 1000 feet including channel banks. It appears
tha t the dam , and surroun di ng berms and bulkhea d areas would
provide resistance to breaching . When this is considered in
combination with the small hydraulic differential that-would
exist at the point when overtopping begins , it further appears
that the probability of the dam breaching is low.

Further computations Indicated that the spillways at Mi ll Dam
are capable of passing approximately 10 percent of the PMF.

25
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SECTION 6: STRUCTURAL STABILITY

6.1 Evaluation of Structural Stability -

a. Visual Observations

The embankment a ppeared , at the time of the field inspection ,
to be structurally stable with no evidence of cracks,
displacement or differential settlement.

b. Design and Construction Data

Analyses c!f structural stability and construction information
for the dam and appurtenances are not available.

c. Operating Records

No operating records are available for the dam or appurtenances.

d. Post Construction Changes

There are no records availabl e for post construction
changes made to the dam or appurtenances. Reportedly,

— . - the ear thf i ll area west of the abandone d power house was
breached in 1972 and In repairing It the original cross
section -,as altered to Include a pervious riprap core.
At the same time the masonry retaining walls and bul kheading

• on the downstream side of the dam were reconstructed.

e. Seismic Stability

Mill Dam is located in Seismic Zone 1 as defined in “Recomended
Guidel ines for Safety Inspection of Dams” which is a zone

•-
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- of very low seismic activity . Experience indicates that
dams in Sei smic Zone 1 will have adequate stability under
seismic load ing con diti ons , if stable under static loading
conditions. Mill Dam and appurtenances outwardly appear
to be stable under static loading conditions , based on
the field inspection performed.

0~

1~~
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SECTION 7: ASSESSMENT AND RECOMMENDATIONS

7.1 Dam Assessment

a. Safety

Based on the hydraulic and hydrologic analyses described in
Section 5 and Appendix 4 the spiliways at Mill Dam are hydrau-
lically inadequate and are capable of passing flows equal to
about lU percent of the PMF without overtopping the dam. A
storm of magnitude equivalent to the SDF (1/2PMF) would over-
top and inundate the dam. The probability of the dam breaching
is low.

Outwardly, the facilities at Mill Dam appear to be structur-
all y stable based on field inspection observations.

b. Adequacy of Information

Information sources for this study include: 1) field investi—
gations, 2) Plan titled “Repairs to Mi ll Dam Walls ” dated May
1973 prepared by Richard A. Alaimo Associates, 3) USGS quad-
rangles , 4) aerial photographs for Burlington County and 5)

- -. -- •  consultation with l ocal municipa l officials.

Information available and data collected for Mill Dam are
sufficient to allow a Phase I as~essment as outl ine d in
“Recommended Guidel ines for Safety Inspection of Dams.” 

•
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Some data not available are as follows :

1. Records of maintenance for the dam and
appurtenances.

2. Typical earth embankment sections.
3. Structural and hydraulic design computations

and reports.
4. Soils report for the site.

c. Necessity for Additional Data/Evaluation

Al though engineering data pertaining to Mill Dam is not
availabl e, additional data is not considered imperative for
this Phase I evaluation.

• 
• 7.2 Recommendations

a. Remedial Measures

Based on hydraul ic an d hydrolo gic anal yses performed for th i s
• - report, the spiliways are assessed as inadequate. It is

therefore recommended , that a qualified professional engineer
be engaged in the near future to more accurately analyze the
runoff characteristics of the watershed, the hydraulic capacity
of the spiliways and the capacity of the downstream channel
area. Based on the findings of these analyses, modifications 

-

to the dam and spiliway should be designed.

( r
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It is fur ther recommen ded tha t the follow ing measures be
-un dertaken by the owner in the near future.

1) All trees and brush on the earthfi ll por tions of the
dam should be removed with minima l disturbance of
the dam surface. 

-

2) The concrete spillway facilities at the Mill Dam
Spiliway , the abandone d power house and the M ill
Race Spillway should be thoroughly inspected .
Concre te sur faces should be sanb i asted an d coa ted

- with an epoxy sealant after all cracks are pressure
grou ted.

3) The steel sheet piling installed on the downstream
side of the dam should be cleaned of rust and
remaining bituminous paint where possible and coated
wi th ~ suitable durable sealant down to the mud
l ine.

4) The eroded area at the downstream end of the steel
• sheet pile wall on the east si de of the downs tream

channel should be filled and stabilized .

5) Debris accumulated in the spillway area and beneath
the gates shoul d be removed. Inoperable gates

• should be repaired.

30 
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The impl ementation of the above measures will require
proper deta i led des ign an d tha t app l icable NJDEP approva l s
be obta ined.

b. Maintenance

The owner of the dam should in iti ate a forma l program of
annual inspection and maintenance with special attention
given to the operational adequacy of the timber slide
gates in the near future. The inspections should be
performed by a qualified professional engineer and the
observa tions and measur emen ts should be recorded on
standardized check-list forms. Inspection check-lists
and complete records of maintenance should be included in
a permanent fi le , available for public inspection.
Repa irs shoul d be performed as requ i red an d the follow ing
maintenance should be performed annually: remove brush
and trees from the dam and clear debris from the spillway

• openings. The impoundment should be drawn down completely
at least once every five years for the purpose of removing
sediment at the spillway and to permit complete inspection
and repa ir of the

• 
dam and appurtenances.

- -. c. Add itonal Studies

A qualified professional engineer should be engaged soon to
perform a more sophisticated hydrologic and hydraulic analysis
of the watershed, spi l iways and the downstream channel , and
to design modifications to the dam and spillways so that
a storm equivalent to the SDF can be accommodated.

‘
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A comprehensive topographic survey of the dam and appurte-
nances should be performed in the near future by a l icensed
lan d surveyor or quali fied profess ional en gi neer soon to
establish the present conditions at the dam. This survey
shoul d be inclu ded i n the owner ’s permanent file for the dam.

Quar terly ins pections should be i n iti ated soon to observe an d 
- -

mon itor posss ibl e seepage and su bsidence along the dam ,
espec ia l ly in the area of the dam west of the power house
where the pervious riprap core was constructed.

() - 
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Note Information taken from Rutgers University
Soi l Su rvey of New Jersey , Report No. 20,
Burl ington County and Geologic Map of New
Jersey prepared by Lewis and Kumel.
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PHOTO 1
CONCRETE SPILLWA Y

PHOTO 2 
5

( \ 

UPSTREAM VIEW OF SPILLWAY.
TWO GATES RAISED.

18 Dec. 1 978
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PHOTO 3 

S

FLOW THROUGH TWO GATES OF SPILLWAY

S 

%. 

I

S PHOTO 4
( 9 ~

SPALLED CONCRETE ON SPILLWAY .
GATE OPERATING MECHAN ISMS.

18 Dec. 1978
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PHOTO 5
DOWNSTREAM VIEW OF ABANDONED POWER HOUSE.

DOWNSTREAM FACE OF EMBANKMENT.

I l

(
~ 

PHOTO 6
UPSTREAM VIEW OF ABANDONED POWER HOUSE.

GROUTED RIPRAP ON UPSTREAM FACE OF EMBANKMENT.

18 Dec. 1978
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PHOTO 7
DOWNSTREAM FACE OF DAM - STEEL SHEET

PILES AND TIMB ER PILES AND WHA LERS

PHOTO 8
EROS I ON OF EAST BANK OF DOWNST REAM CHANN EL

18 Dec. 1978
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PHOTO 9
WEIR AND GATE STRUCTUR E ON MILL RACE

S 

~~~ ~~~~~~~~ ~
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PHOTO 10
DOWNSTREAM CHANNEL

5; 
j 18 Uec. 1978
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CHECK LIST
( HYDROLOGIC AND HYDRA ULIC DATA

ENGINEERING DATA
5 

144 Square Mi les , Roll ing, Several Tributary
Creeks. Dense Timber growth , numerous impound-

DRAINAGE AREA CHARACTERISTICS:mefltS and swampy areas.

ELEVATION TOP NORMAL POOL (STORAGE CAPACITY): 4.O (NGVD) (182 acre-feet)

ELEVATION TOP FLOOD CONTROL POOL (STORAGE CAPACITY): N.A. -

ELEVATION MAXIM UM DESI GN POOL : 12.9 ________________________ -

ELEVATION TOP DAM : 10.6

MILL DAM SPILLWAY : Uncontrolled sharp-crested weir.

a. Elevation 3.8

b. Type Crest of timber slide gates.
S c. Width3 inches

d. Length 50.8 feet (total)

e. Location of Spillover Downs tream Apron

f. Number and Type of Gates Seven manual timber slide gates

- 
- ABANDON POWER HOUSE SPILLWAY : Uncontrolled sharp-crested weir.

a. Elevation 6.4

b. Type Crest of timber slide gates

c. Width 3 inches -

d. Length 21.6 feet (total)

e. Location of Spillover Downstream Apron —

f. Number and Type of Gates Three manual timber slide gates (inoperable)

MILL RACE SPILLWA,Y: Uncontrolled sharp-crested weir

a. Elevation 5.6 (slide- gate) 5.9 (Concrete We irs)

b. Type Crest of timber slide gate & concrete weirc
C. Width Approximately 3 inches.
d. L ength 20 feet (total)
.. Location of Spi llover Downstream Apron
V . N~~ er and Type of Gates One manual timber slide gate.



S Sw
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- CHECK LIST

( HYDROLOGIC AND HYDRAULIC DATA
- ENGINEERING DATA

OUTLET WORKS: Timber Slide Gate at Mill Race

a. Type Manual Timber Slide Gate -

b. Location Center of Mill Race Spiliway 
S

c. Entrance -Invert - 0.1

d. Exi t Inver t — 0.1

e. Emergency draindown facilities Timber Slide Gate

HYDROMETEOROLOG ICAL GAGES : No t Ava i la ble

a. Type N.A. 
-

b. Location N A  S

- c. Records N.A .

MAXIMUM NON-DAMAGING DISCHARGE:

(Lake stage equal to top of dam) 2666 cfs

S /

$ I 

-

. 

_ _ _ _ _ _ _ _ _
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Hydrologic Computations

1 
- 

S

- 
-



S -

STORCH ENGINEERS Sheet / of ‘7
Project 1~) ’ ~1 ~~~~~~~ Made By ~ ‘~ P Date ~

C. 2- ChkcI By D.t. 

S

- H~,i 7~i~~

Se)~ c~/ cij -ictvfi~~i,

be4 C./~~ Li~?-*ie~~
d~~~~~~re~~n-, c~y~- 4a,i~ — ‘~~-~~~~~~ 

.

Top ol ~~~~ /O.(O

b/ e.j q/ , 7’ oj - a’a .,-, /O I~~~~~, - (—~~~~~~ .ô) = ‘~ .4  j’1.

- 
k~p’~~• ~7~or&q~~ o/e’i~1Q~. qz-7 ,4 ..~c1.
cpr -top of  e~’a ,-~

c,~ . ~2sf ~l~~~/ / I ~~4f , ch

I -  - 

I S( t
~~~vd ~~~~~~~~~~~~ c/ acc ’fr ,~~r,O,-) 

-

- ~~~~~~ 1~ ~ ‘?
Lo47~~ 4 ‘ , a ~-~ or~~ ah area

~~• Fa if c~r g  ~j- 7/~ ~~~~ c.q~., c.a.,~~e ~~~~~~~~a’e~i;;a.qe -t0 f5ciiies , vo~~d~ ane/
COfr ~~~, erc ,

~~~~~~/ ~~~~~~~~~~~~~~~~~~~ .
t 

S .. - S 

-

- I6 44 IH? ?~tr C(

- - 
F 

~~~~ 7~
- 

- 
- 7~ow#,~free~,,~ 7;; ~ frp, �t ~gc..

~~~ qrea te�1- / ~ ,a’ra v/,c. d;,~’~~,-e~,i,
’
~~i

&7~LS)e~e,7 7/
~i~~~~ Ofr.ct#-en,~ 4.i el ~o(~?) cfrr~.a,,~, &‘are ,-

( /cve / .~ 4,,
5~
/ ~~~~~~~ ~~r /e’~~, 7’7€J’e~ ., ?he

b~~~~ ,~ErJ’-orI,e4 tOP /cw T~4L -



— -

STORCH ENGINEERS 
- 

Sheet ~~ of ‘7

Project /
~5

)~~~~ // ~~~~~~~~ Made By R L Date -

S 
Chkd By Date ________

- 

&. cuktac Q 4-re~a(
7

” t)  (4~~)
— 24

2.S O.O S 2~~

4 ier9 c. p f l~, oJ /ak e c ’T ior~~~a )

-
~ ~~~~ 

-

- 4verMe ~~~~~ 
O~~ /~k~ 41

S~c ’#~~ ce are.~ ~r. ~~~~~~~~~ - (l ~s i )
- 

_ _ _  =
2C~ 20 

-

S 

- 14o. c ft~ S

- 

Or g~9~~ .~~ ~~~

q~~~ 7 ~~~~~~~~~



-5-- - — - —5- -

STORCH ENGINEERS Sheet ~ of 17_

Pro ject ~ £. # 1)37 Mad e By ~~~ VSIP Date 3j -~ ‘ /79

( M~~t T~A T.1 Chkd By ~~ — Date Vt 3/i ~

. 
pgoLoc~ —c

LJ-~~~L J~i~ I2 ~~~~~ ~~)A l~t c)~vtlop~r~
t.~~t~itj CL.~Jc4 p~~~ i~~~cWz .-~ ~~~~ t~cii~~ fr~ ~ht ~~U~~~iv~

o.2Z 0-3 3 - o-2 B
14 - t J ? zy. o (~~i~) (EL) (1.0÷0.3 7)

R. .
5

076

wkv~ I 7~ ~~~~~~~~ -

S 

~~~~~~~~~~

S P 

~~~ 
7~~~r~~ ~ht

0 t;~i%1 ~ ZCI~4’~~ o) 1-kt ~~~~~~~~
~~o~~~t L i)  ~~,

W~ ~~‘O1~i(~ PIU.’1~ j  1~’~ ~~~~~
5

- 
.- -

~~~~ 
S --S ~~~~~ (L~~~~ ~~~~~~~~~~~

: I, 77gflI~r~J~~~ L )?i~~A 
-

- - <.-a M ’

~4owi ota~~ta) ~~~~~~~~~ w~Ap~ 3 - 
S

5 - 2. A~ci~nGE C~,AIuN~ L ~ L. DPC.

- 

- L~~
.-i~~ h : r~o~~1 ~lo1h~ p..tm cl . : 3 ? f  ~1t. L~.s( • S 

. k- V ~Vt 3L4CW1( 9 3  Pt4e-’~

~&ow~ H4U.~ ~~~~~~~~~~~~~ 
~~ 6~~~~~~ ~~~~~~~~~~~~

-

. 

L ; t ~ -~ 1 ~~~~~ 
r 

S
7~~~~~~~



S 5 ~~- 
—5-- -

STORCH ENGINEERS Sheet 4 of . 11
Project ~ ft /1 ~~ - Made By ~~~~~ Date ~/ i  7)~~~~~~

(5 -  Jln.L. ~7n,.i Chkd By ~~ Date _______

S 

7otciZ 2 7 2  11iL~~
Ekv~t.~~ C~t

01 2°1 2 H~t~.1~4 
- 2

/~~ j~~~~a~ ~, - /20 ~i 

S

- 23 ~ i~ia Lr-> w~ ~~~~ J - 
- 

-

0-  - 1 ?0  S

~
v’-

~
tte ~~~~~~~ ~t ~~~~~
J - 23~I2—2 -12

I / . 9~ ~~~~~~~

3 Sio,zne~ A,~Efl  :- -

~~
4,1-’I~~~~7

Lt4 -.
- 

- 
-tr~t HoL 1~j  0 ~~~~ 5~~~~~

. Pt-t

S ~ 5cr. ~~~

5~~’~ ’~ il i.LL ’~ 3 9 3 3  5~~~~~ S r)(. S

- Wh-~~~ t~~~~~-1 i • i c.; i  g~~.,~i~4
--

- S Ch~~~ z~~d~~~h - • 
~~ ~~

~~ ~~~
. Ls S

IQ t4L / 1 • 97

5 ~~~ 7
14 ~O PL)L F~1) PN :-

S 2 ~ 28 L$

az L1Lj

44

C ~~~~~~~~~ ‘~~~~~- ~~

‘
~
‘
~~~~
“ ~-r ai. ~i I 0

S - - . -



—— - - Sw- — - 5 - - -  - S

r 
STORCH ENGINEERS Sheet 5 of 1 7

Project ~ £ - ~~~~ /132 - Made By Vi’i P Date 3 -

( r
t
~
l J L

~
L VAr-I Chkd By ‘~‘L~ Date ?‘~-~171

- .

I 

~~ o~~ L~~’-~~ - 2,032 - S

5~~, OL,~f
S l~~~~~~Qj~~~~~ 4~~ 7D t~ 79 .5ct~ j  5,. ~ oc

?or L~
t
~~

v ~Zei 4i t&j~~ ~~~~~ ~~Z8  o~~~ J ~~~~v~ i ’
- 

-

S c’s-t4 Co~~’z ~~~~~~~~ ~‘ ~~‘ 7 C V 3
O7!~~2 —

~~~~~~~ / D3

S 0-Ill

- 
- 

- 
~~

- 0 1 1 7f  ‘-sz&J
- 

- 
~~~ 

7.
~~~~~~ / S  

S

5- LJ~~t pl &o y~pJ-~ 1’-~iis~i~ ~~etv~ ~
- D R  0-22. - 

0-3~~ 
-0 2 6

- .f 1?.- 2 10  (
~

) (I.o -~~
0.3I)

i~~ 
o-ZZ f ~~~ -D 28

— 21-0 (~~ ) (‘~c.3 1) (i.o+ o-3~t7-6I) - :
S 

- 022 p-3~
- 

2 1 0  ( Z~~3~) (8’.31) (32~~3.)

2I~~0 ( z - s o L i) ( 2 . o l s )  ~0.7,7) - S

1 

~~~~~~~~

‘ 5 ( .: R : o 7~~~~3 - 7 = ~~~~~~ ~~~
3 S

I~~ I : ~~~~~~~~~~ - p 5 . 3  
~~~~



- ___ _
w

STORCH ENGINEERS Sheet_ of / ~
Project ,

~
/ , h 1 2)’~~’~

-
~ Made By RL Date _______ 

S

— Chkd By Date_______

(-~.

m; i wep i~~,- //2.1
9

11* C4/cv/1~ ,op) 
-

The. n~~ i,# 
~~~~~

- 

~~~~‘~~af~ ,- i’s. ~~~~~~~~ e~~,//

be CI~/c i / 4 t ee/ b~ ~~~~~~~~~~~~~ 11?anp 7’P7 1c £~~~/t17’/o,~

app/ik4  -1~c c~ r iv er Sec1i o i -~ ~ Oo ’_c I,st~/ ;4:~41 d-) i
bt rn,,, 4am ai-,~1 ~~~ ~~~~~~~~~~~~~~ ,9-~’7h,�

- th e  ere~~Ic c..1~~11,1~~/ ari 4 f/ ~ o4 p/airy

ai- e 1-~~s1 rç~1r c f e ~1, ai-~~/ 7
LI01~j  AJ ,// b.€

Cc~itpo ii e4 ~~~ r/ 1, .c c~2 r~~q , ,Ipprov. C~~~4 ;~~~~~~~~~~~~~~~~~‘/

- - 

- 
S

S 

-

S

______ 

~~~~~~

‘ 
~~ 

— 

S 

2b ’~~~~~~ 3o4_ Zo ’~~e_  S

I 
S

I~”ve,- S~ecf,oi-7 af~~c~ t,,,/ areq

- U~e v~-~~o,o4

c~~ 
- 

G.ooo~ (Ec 1-~k4~red), S~.e.o~4

~ _ _ _ _  (
~ 
‘)‘

~~~ 
s ~~~~2.

1*

II -

S 
- A 

(~~~~F.) 
- 

?(-~~
-i
.) R ~ ‘~/~ ~~~~~~ -

~~4-4 ~014

- -7 q -1 -i -i.o 4~ 32.
- i~

)
S 

504 q4~, c~ 4

~~77-0 I -i.--, ~~5~ 7 78

I 
7.’?

- ~~~~~~~~ -~i~~t ~~~~~~ ~~~~~~~ 1ev~~t ~~~~~~~~~~ ~~~



S _-5 
- -

STORCH ENGINEERS - Sheet ‘ of ~~7

Project ~~~~ 

~‘ ~ Made By ‘~~ ~
- Date 7’?

/ 1 3  
~~~~ Chkd By Date __________

- 

~l2~g~ v~ Ffo e~ C~’,c’ E..s S

(at c/~t~,i,,e/ ~echô ;, too ’ -

i4 S~~~ ctoct-~ ,S1r ~~nk, , 
5
of da,i,~~

MiI/ ~ o~ ?) 
S

S -,/  £~aqe ths~.har~~ CUri C 
S

- aT fli ,~ 1,’ ~~~ tw ’ ‘1
- ,A’— a ~id ~~~~ e 

~
- /?

- / - - 
- - - - -

~EI. ’O.4i / - —~10 - - — — — — — - , .  -I - - -~~

!: ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

S 
- 

. D/ � ~~.L = ~~~~~ 
-r

~1,

~~~~ 

_ _ _ _ _  A1,// D0~ 5ps I/ ~.i~ y Cnz~l5—b (E/..~.S) S

2 
- 

5 5 

. .

0 —I--

(o~o ~~c, oO 4ooo ~~OOO _

o’—t’ . H

~~ -5] 
- 

--5 -~~ S S .



S __
~~ 

S
~~~~

S5- ~~~~~ -5 - - —

STORCH ENGINEERS Sheet 8~ of ~,

Project ,44, ~ 0 Made By ~~~ ~
- Date i.L ~ C ? q

S

. ~~~~ Chkd By Date_______

S ,k~/ ,,, / ~‘ac.~ S 
S

________ 1~~ ‘4

~~~~~~~~~~~~~~~ 
~~~~

L— - 
~~~~~~~~~~~~~~~~~~~m

S}

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
j  

‘4
—

~~

- -

e V 

S

- 
,
i ~

. 
~~~~~ ~~~~ S~pi //ir~ciay

S 
- 

S

5

S~~ 

- -
- 

-

_ _ _ _ _ _ _  S /~~~
I$

~ W* 1 ~~
- I I / I 1 5 J

• 

-

. i~~~~f1HHfl ~F 1fl~~~~ L NL.Iv = -?.z.’
EL /41V Isi~~ * 3. 2.’ _ - - - -

‘SECTION ‘44

El - C~~,c. ______  

E.~ 5.6
7 [- I t  r -CO 

~1C. - ~~~~ -C) e.~ S S

I I 
-

( —7
~’T~ I 

‘
~ 7-” F

- 

(~.i~
’,j &~~C ~ p,~i/~~ i* e/ )

[ 
_ _ _ _ _ _ _  

__________________________ ______ 
_ _ _ _ _ _



—- - w- — -

STORCH ENGINEERS Sheet ?~ of i -i

Project 5 F - ~ fi I ~ 2 - Made By ~ M P Date 3 / I’i ) ‘79
(h ILL V.’)rl — )-I’(t

~~~~~~~~I J L l C S  Chkd By ~
‘-
~~~~~ Date 1~~/ 7~

H~~tRA ULICS -

~~~~LL £~~ S ~~~~~ LLWAX S

The~ e D - ~3~J -~ ~ c,~i&~t. /~

~:f~c. L~~~~~-~~ -~~-L~ ;— S - 

S

L~~ ~~~~~~~~~~~~~~~~~~~~~~~ -

: L ~
- 

~i~-ch t .t- bt-~ ‘~1 c)tz~~t S

L
’ -v-ia 

~~~j
lj, 

~
,) c-2s4J -

t~J ,-~~~~~~~ ~~~~~ 
- 

S

~~~~ t ~ ~ •~t~~ ~~i~~~~~~ ~‘-~~~~~~~~~~ 
.~~~~~~~ C~~~~~

41.

- 
- 

L’ ~ “-I ( 
~— : )~~ ~ 4 ’3-Z Ft S

13

4 = o-c’z -

0-20-

•~‘. L 143 -2 - 2. (I1~~~~o.oz -~
- o-zo) I-~~ . - 

S

- 
4 3 - 2 - 0-32 P~~ 

5

Th~ L~~ c-’t,,~ u~iU ~h
tI
~t1 ~~~ ~~~~

°

~
-‘

~

-

~ 
‘•‘
~
j I ~~~~~~

-
~‘-‘~~~~ S

( Q : C L H e  
I

S 
- 

I (2.’ ~ IP  C ‘e� t L’ 4 7~# 0a-~) 1. ô
-

I 

-



- 5~~~~ -

STORCH ENGINEERS S Sheet ‘~~ of 17

Project a” ‘2) 
~?“~ Made By ~‘L Date 4 ~~~~~ -7’?

r ~~~ Chkd By Date _ _ _ _ _ _ _

“ I t/ f  ~~a’ c- -~, 
cp ~i(~~~~

~4’~i. ~L. e - 
S 

hg~
’
~ 1~~

I. ~ ~~~~~ 5~-~”~” S(-ft-) cI ~~ .3 (-I t) (
~-J~

)
o a - 0 

—-

4.0 
~~~ 

0~~~~~~~ 9 
— /3

— - —

- 

- ~ o - z.i~ 4’.t .?.~~44 — 44’~
F

7° -
~~~ 4o.~~ $.7~ 4 - 

__ 7 () I -—

*
-8° 4-~ 2 ?q.3 8. ~o7 c, o (fl-i-) I I I~~~, 4i i

96 1’.t ~~ 4- ~~~~~~~~~~~~~~ iço~ 1 -2.63-
S 

~~
S,9’ F7.7~~~ Z’S 9 1~~84

S 

8.2- 2.-3.S 7.2. 2 7~~é i2~,8 S

— 

~~~ ~~ 81s ~~~~~~~ 34 - 32 . -
‘4= ~~~~ s,c - 312.6

~~~ i-~~j _ -  ~~~~~~~~~~ - -

~ ~~~~~~~~~~ ~~~~~~~~~~~ 4~ c~~ ~~~~~~~~~ ~ o r ,~~ .rq czd) .
~~~~~~~~~~~~~~~~~~~~~~~ ~~~~ ~~~~~~~~~~~~ ~~~~~~~~~

+0 C-Le~r- 1 ‘ 

~-I’.~.4i~ ok o+- ~~~~~~~~~~~~
~~ I~(hf c4 13 rk-t.~~,. 

S

0*
~~~P’I4 f (.L 

~~~~~~ ‘~~~ ~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~ -O

S 
(.A4 1er~~ ~~~~~~- ~‘4 v~~~ ” ~ ? G  c/F-.

I “ - c~~o,(0 
~~1)

~~‘Y W~(-~~ ‘4.0 ~~~~~~~ ~- (o~.)
S 

~~~~~‘~“M ~~~~~~~~~~~~~~~ = Z 3 7  tc- ç
. I 2- c~ -. / ,s~~~~~~.



.5 - —— - -w — -

STORCH ENGINEERS Sheet ~~~
‘ of I’7

Project I”! ‘ ii Z)~i~ i~ Made By /~L Date 4 — fc:~_7 I
JL~ 2— Chkd By Date _ _ _ _ _ _ _ _ _C 

S

- 
S 

7OC4/~~k. ~~~~~~ ,a.~1 -

7Ii€ 4eC+’ve /-E~i~~th-, Of Cre�-)~ ~‘-~- ‘ , //  h~ C~ J~~’/a *e4

n~~ S

~ z (N !Cp~~~~
- 

~~ 
) H S

N :  c 

(7 .z -o .~~~) / .
~
.

&oa - 
-

~~‘ 3 =  O . j  - -

S 

. - L~ Iq.~~%_ 2 .~~ s~(o .Ol~ t0. 2.)He -

cueI y 
~~~~~~~~~~~ 

C.re �1’ ~~~ i:,-€~ c.5A Ic~lIa.~r(4 
-

- -, ~‘~
-
~i 

-r~~ 
:

S 

- 
S 

~~~~~~~~~ - ~J~~’r Cre~~~ ~ ( - ~~~.4 ’

S 

S 

~~~~~~~ -

S 

- ~

c A
¶ 

Al ): 11W - T ~ 4

(

__ - 

~~~~~~~ I .�• ~ ~~~~ c F.

~~~~~ ~ \ I~~~L~~5 5 \  
S

_ _  S -—



/ nfl-AO 63 590 NEW JERSEY STATE DEPT oF ENVIRoNMENTAL PPOTECTION TRFNTON rrn 13,2
NATIONAL DAM SAFETY PROGRAM. MILL DAM (NJ00540)’ DELAWARE R!VER——ETC (L’)
MAT 79 ft J MCO€RMOTT OAC WbI—70 C—0124

UNCLASSIFIED NL

I __rJ;
~

U,aFflflrn
-u ITT

4

—S - p



• —— -

STORCH ENGINEERS Sh..t I2~ ~ _ _ _ _

Project 1’1~ #i )
~l’it M.d.$y bat. ______

CMdIy Date_____• p
~~~jea. +Jvy~~

HW ~~L. TYPE ~~ 7~/O ti) . 7h/ 
~~~~ 

( He)
(•1~f) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

EL.&#) 
~~~

) (,( t~ (c a)
- — - 0

W~~,- 110 L~
7.0 0v~~r - /8~~; ~4

7.q (rop ~~,‘ — ,~~~~~j ‘.c
It (‘p )

• ~~.: o, 
~ s0 0.8 c 126

.ro \ ô.9ç ‘3c

z~ .g’ cc \ ,.
~~~

/04 • (p.8 3 8 2~7o

&&

(iJ ~-

~ ~~~~ IiarL4I t~ ;t~~ i-~~ c~ Ia vafoM ~ -J~op• ~.i;,, l~4M

~~~~ l~-)~AJ 15i ~

I 
~~‘ ~ i e.r L N i t r

~~~~ ~~ r -i~:~~~

4~4fC~ri4ic.t t~~
• 

• +C.~
(. • ..~-L e~~



~
--  -

STORCH ENGINEERS Sheet ~~ of ‘1
Project 1~-’/ , ’ii 2)fl,i i Made By R~- Date 4 ’

I t ~~ 2~. Chkd By Date ______

N,i ‘~!ace SP ~II~~4y

~~~~~~~~~~~~~~~ r~ -g.M e~e r  ~ec 1,~~~ s

C0 L i-/

1. ~2’~ .7~I = 14 .Z J - f .

*~~ ~ -‘q Z 1. cy “ ôj ~ ~~~~ ~~~~~

~~~~~~~ ga1~~ ( cenf~ ,- cec ,’,~ ,i)

cç’~~

L ~ .O 2 ~

C : 3 1 3

~~~~~~~~~~~~~~~~~~~~ 7~~f l ~- I/ / /  ~~~~ ~~~~~ Cd1*~T~:;/ ; .

,,

S ~ o.o :S~ (~st )

~~~ ar. ~~~~ j ~.
• T~ip.e~~I ~~~~~ sec~t~~~ ~~ 267 ~~~~~~~ .

• p
~~ c,.-~
R~~ “ii

. 
_____  (c. ~ ~ (.7

280 3 ‘~~c )) > S p v i ~~&~ ~~~~~~~~~~~

:. ~~~~
•/



• — -  w — - -  • - -

STORCH ENGINEERS • Sheet /4 ~ i i
PrOject / ‘1 !f Z)ci s i.~ Made By ~~~- bate 4 — l a - 7 T

Chkd By Date ________

/ 1 s 1 /  Race cp ; i i ~41~.41

N,I~ /24C& CJ,d a, t’i Q../ dIc~ M4#.4e c “i to
Ra~~ oc~,~ Creek ~~ 4ceo 

~~~~~~~~~~~~~~~~~
f r 0t 4~ ~i~ , 1/  ~~~~~~ ~/ .7n’/ £u &(/

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
I~•~ ~ -o .4~j~
1. 

~~~~~~~

(7L.f ) %~~~~
,. (C F ~

)

0 - o o - - • o

o - a 0.3

o.i 3,qc -

~~~~ ô4 -  ~ 8 7

‘4 ~
,4.

eAo 1,/ 1,~~ i i i  1.4. .1,0 Z.3 ‘2-

To 19 ~~~~ 3’+ 4.~ 4 o t

3~9 ~~~ j ’ 0 40 14’ s 1 1 2

/4.0 3.9
~ ~~~~ 8.4 z4 207

Co -~vo.~ ?~‘?-7 8 “2 ~ec~y~ oj - S~~ml i 7~m..a~, ”

I
L~L~ — 

:~



• —— •. —•-
~~~

— -

STORCH ENGINEERS Sheet I c of 17
Project /4s ’ii Z)a ‘~ ‘ Made By RL Date 4-,o-79

ç ‘ / 3 2 -  Ch&d By Date_______

cla.qe l~~~C.i%e~p~~~ ~~~~~~~~~~

au Cc~,t#-c/ ~

• “/ 1/ ba,~,. ~~~~ /4 ”ie - cQ, /1,,, 
~6(~~

3.6 0 0

C, O • 444 o 444 7 4.cI

7.o Th1 29 ?‘f O

go q 7 ,  iz.~~, /099 Z3’~.

• 
/~~~ 9 /4~ v 40 .1

2’7e ,qr4 7’a. 2 .CC~

/ 4 0  ;4’~4 ~~~ 4z.4~ / 4 6 ?

• 

• 

•

• •

• 

. • 
•

• •~~~( 
•

• 

• L.
• _ _



• —~~

STORCH ENGINEERS . Sheet 16 of / I
Project ~4. I! 7)a it-’ Mad. 1

~ 
R 

~
- eat. 4 -‘z -7g

113?. Chkdly Date_______

Sm&& bI~~ H~4-R& E cIJRfr & 
•

12..

W L . 
_ _

• 

~~~~I° 4~~I

~~.0 / 3 3/
9.0 /tci

• . 
• 

• / 0.6 ~~~~• 4 /f~0 r7u

2

1: • 

•

lot~~ 2000’ e.. 4oeo J’oe. 6..

• c
~~cts



• —— - 
_ •w- — - —

U 
•

HEC—1-flB COMPUTATIONS 

•

‘~~~‘~0 -•



• —
~~ 

-

j .
~~~~~~

_•_‘ __• _

I
I i ’

• 

•

• i • ~gI~ ~~~~~~~~~~~ 
• 

i •

•~• i I• I • • 1 
~~~~~~~~~~~~• I • . 4

a .1• 1 
•S .

I • . S 
• 

I .

!I~~~_jo ~~OS.*,.d O~~..4 1P)
• . .,og S ••~ 0.. ~0I o Z ~~~ 1 I

I • E ~~~ hi I..
I a

D~•’ :. I ~ I• r .ao.o 0
£ ~~~ rd ~ . Li~~ ~~~ P
I a~~ s o .  I.~ ,

~V 0.~~ •~~~ . p~ pz 
_

I~~ 0 !  ~a a
• I .3 ‘.3.3 0 -ai p* P . .. pin. .

• I ~~~~~~~~ 5 0 ~~d. •.

• 

E. r’~ ~r • r~_ in~ .3 S~i •d0~ I0.SV~~~ I
s.a S ••~~ lOOPS S I

~1i~1 r~ 
•

~ I I L ~!— — 0 0~~SOO0l.I •

‘
i t  . 5_J i~i 1 i i i  •

• 

_ 
— H• • • S I S S • f • 5 S I S I 0 0



• —

~~~~
- w — — - - — -  - -

• 

•

• ‘

• I
•• S
5 0 in

3 ‘ S  0 0 0
5 SI OS

I 5 .10 -0
• • I 4’ 2 4d~00~• 20 • I I • UO *0.04~I,P~N4 • 1.1* 0 • -40.4

0- 0 .31 I ‘0  I
in 0 Wa I
2 5- • 50

t•i• ‘ 0I

~~
1 (.0-4 ~I0 

• 0
• S .00 4 l I I . I s. . . S s . .

0-PS ~~ •0*1-~~~~~~.U’ifl0.4
• S bl~ i VS S

• 0. i S — ‘ 0
o : 4 si -.~~~~ .

• 2 • 5-.4 0.
S 54 0 5  0 U• I I • ~ o z a

• I • a .4* U
0-0 I 2 1-0 .4 VS
.1 • 0 0 25 S S l .S S S S I S S
ft I S I.. 0 IS 3~~~ F)*O(.j.-I ..I*1-S.
SI 4 0. _J* S 0.400.Z. flOP—.2SP— r

S • 0 • 0-in 0 -~~1*PSPS
I U I • S S — 4.4o

S • 00 0-.. 0 0- iO
S 5 0  0* 0 2 0

• l.a L_1OI.i * 0.4 2 p-a •o
S 1.) iS. 0 50 4 S  S I  ft in -

.42 0- 4 255 — .1 ~~* 0 .4 .4
55.1 5.1 2 5.10 5— 0. *0 45—

• 4,) 5 0- ftI•I .4 0* 0-2 U, oP~~~~~~~~~~~I*U~V~o 2 0- 0- 5 • 54 S .4 a ii .0 ’)aU,-.~~~1-0 I
5~~ 0 5.12 3 .4 4IJ* 0.. 0 .4 S
ftU S — 0.J0 0. 0 00.0 *0 2 5 S .4 1—s.I

• Z(~ 0-200* .4 S S 40 I 41,10 5 .4 — I
• 0- 2 0... ft 0in S 4 0 .1 1.10 020 1 5  S .4 0.0 0

0- .~~. IJ~~ 0 0- 5 U .J 0. 0- .4 0- .4* 5
5.1)-b— S.s. S SI • .4 5 0 0’ WOO S • S VS
S~~ J3 Ii. .J lflO I Ii. 2 0- 0. 0*0 (00 OIl 1.1• 4.30 54 1.114 I Ii. .4 0. 55 0* l~~~ 0 5 5 5 1 5 5 5 5 55

• 005 (.1 (fl0-0 I 0 0 2.4* — 00-0 5 (4&II 4 -IU1*PO*
5 1.1 )-SIV S 2 0— (00* 1.11,1* (lItO 055 04.) z—”~noo’v c’ .0a’c.i

5 5 0.200-0 JZ S I 3 Oil) S 5.100 0 0-2 5.15 5..*.0PS.IU,1 -jI*I’)PS
• 00-5 05 .4 5 2 5 So *2* 5 5 5  .1 5 IJo 0 4

020 • 1.5 2 So 0. 0 COI l ft I u ..
• 3 0 - 0  .4 .4 IU  ~ 0 2*0 2 0

.100 0 SI (.1 2 U S PSO 1.
45 ) 220 2 0 .4 .4 5 20 0- • S N. 045) .4 0 0.0 50 35) 0 0
0.2 .1..J S • S 00 00 U S 0 . - . S . . SS S . 5 l S
52 0 .  0-020 0.0. 0 0 2 5 5* 0 5 20.d5-00.bP *CIP.• —4 .4 5.1 52 3 0- 0.0 00 5 —

• 40 0 0. 0 2 p • I ft.4IflPo .4m,—in*lin
2 .4 0 0 0 0- JO II I ..I 0

• .3 ~~ . 30  I 2 U  00 U IS.
• .3 3 *  5 5 4 5  $ 0

• , SI I 5 I • .1 40 0.4 II S
S S 51. 5.10 5)0 5 0 0

2e . 2 5’ 5515 0 - 2
I I .4 I 54 0.3 4* 0. 5 5 U S S S • 5 S S S S S

• 
• • 5 I 0.3 0-0 .15.15 5-

a ,: 0 I 0-54 i-I 1,15- 20 (~O 01- 0I—.Sfl V),ONO.4PS
• • • • 51) I • 05 0 *0 O.IIAO .40’1-i05fl *PS p• • • I 0- . o .4~~0

• . 00 • Je I 5I I Ua 0 0.
‘ I ~~ 0 S ‘ SO II 3. 1.00 .4
sos- I S I? • SI 0. Ss~ S I
. 5 0 0 .  ‘ K I N 5)0 • 40

5) 2 • 0 I• • • •I• • I
• 55.0 I , • 0 .4 *0 • SIlO0 0005)51500• •5)-~~5 54 • 2 2 S O0{,00P qfl1-V).”I*
15.35.11 I ! , 1— • is 0-0 0- ...40’1-0VS*15
5 35. 5 2 • 0 0 ~l) 5 0.4 -4

• •I.I•) S 00 • 0- • S I
50 5 5~ ft I 1 0 ’

II, Cd PS 5 1
‘ I 5 ’ I u s-a I 2 I
s u.  S. S 2 0. • 3
14 5 • • 0- 0 • • S S I I S S SS
5 0.20 4* I S .40400.0*05101-0-
• 0 ’.  % S  S 0- .3• slop— S 10 I 0
50.045 __ S • • 0.40
so_ti. ~~~S 0
• w ill— a —~~~ • ill ••40~~N.S 5p-~ 0-
.O o. I • 3
5*0-05 * 0. •

5.0.1 2
5 0-5.025 _ 0
.20. 5 00 U
• 45-S ~~5 0005 I UII ) •e~~~. I 0.

I. 502.35 ~ 40
5 _jo S .a 0-

J _;___J 
• 
L__ — — — • .  — —

~~~ ~~~ ~~ ~~~~ • • • • • ~ • ~ • • ~ • 3 H



T L H H H H H L . H L H
0 S I • SS I S• S  S S S S SS S S S SS S S S S IS S  S I S S SS S S I S S S • S SS S S S S I SI S

0. Cd0005’0S1-5-.0.0.fI,flU,l * . 5)(’JC,1(4CdC,1C~~5.0.400 ..4 o.4.4 • •
S 540.5.4 H
VS *00a*e0O0QO00OO00ODO0D*0a000OD0Q0OO00~~ 0O00a0OaO00O000D0OO00O*Q0DO0O0ODC~(15 oOoroaooooooa00~,oap,aooaaaooa ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~o S S SS SI S S I .S S S S S S.S I S . . S S . . . SS S .I S S S. . SS . . . . S I . • I S . S S S S S S • I I . . .. . . . . . • S.
.1 0 0000 00 0 000 0 0000 00 0 00 0000000000000000000 0000000000000000000000

5) 00 00 00 0000 0 0 0 0 0 0 00 00 000 00 00 00 0 00000000 0 00O000D0O0000~~~0O0
4.) 000 000000000000000000000000000000 0000 000000000 0 000000000
* •S..I.S....I..SS...S....S ...SS..SI.......,.ISS.....S........SSIS....S..
l.a 00Oa00D0~~~00O000OOa00Oa0D000*0OO00Q~~~0O000aD00O0O000e00000Oa00O0ODD0OQOO0

a 000oaOaaaooOooeOoo*a*aooooaaoaaooOaaao**oaoo000ac,Ooaooaoa*DaoaaoDoooaQa
o D00000O0OO000O0000D00000000~D0 000000000000000000000000000000000000000000
• ... .. .... ...... •... .... .... ..... .... .. ...............S...... .. ..... ....
2 00*0000000 0 0 0 0 0 0 0 0 0 0 0 000000 0 0000 0 0 0 0 0 00 00*0000 0 0*0 0 0 000 0 0 0 0 00 00 0

o ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~O 0UOU, Il~ IflU,J)(0 (0 ,0.0,D,0(0.0r .1-1-P..P..1-1- l-P.1- * 0 ~~~00 ~~00*0 0’ ~~~~~~~~~~~~~~~~~~~~0*a00000 a~~~~~~. -.... .
54 1 4..* 00~~~~ C,JCIItIOd fli (0104 04 0.
S
U
a. • • I • I

S
S a000aaaooaoaoooQooooooaOaaar,oaeooaooOoaooOo0000000000000000000a00000000
• SSSS .......S ...............S....I .....S.......•S•S..SSS..SSISS .I..SSSU .
S 0-00 ’0..I C~iV) 5 CO 0’D 0.- (01W)5U,.01- ~~C’0..I15J5)4Ifl sOp- ~~U’0 0...15450l U, 0’OlI04 lCO.05-50’0.11015)0 .4Cd5)*U,
5 4 .q•~~~~~~~~~ — ... ~~~ .04(g(g _ q..~.. (g(SJ04(g

.4
O 00O aO0*00000O000*0OQ000000~~~OO a0O00000O00OD*0O0DO0O0000O0000OD0O0~~~~~~~~~~~~~a. S.. .... 1 5 5 5 1 5  IS.... •I . .. . .I ..5 5 . . S S S S  5 5 5 5 5 4 5 5 5  •• • • • • • • • •  • S S S

00 o—~~~~o~~ o * ~~~~~~~~~~~~~~~~~~~~~ *o oo . 4 o o o o o o o 0n—o~~~M r . 5 4 4—

• • I I I

•0 I S I S I S S I S  • S S S SS S S S S S• S SS . S S S I S S S S I S S S SS S S  I S S I S  S S S S I S S S I S S IS S S S • 5S S S S I S S

• •CO0-~~~~~~~~~~~~~~~~o*04oC.l—e O* e0. )oQ s- 0COQ,r0.~~~~~~~~~~~~*oP..O *0. 0(00(0..045.S0 ’5)0.
0.0. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Ifl.n0.*4I0’
02 0 .Sl.400 0...5)0-*(00404COQ(0 045 O.. *V)p.041-041-f 040l~)C~ COe(004SCO..l1-5)0(05)O(0”~c,15. ~~... 05flC40~ - *SO
Oil ..0.4 .~~~~~~~~~~~~~~~(%j 0404(g C d 4 ~~~~~~~~~ K
U • • I • .

.

VS CdCdCd04.4Cd0-500sflU,UOV0Wb000.1500U,u11fl0000 0000000000000000000000000000000000000000000
51) 0054 CdCd04 4 I .4.~~~Il400OO00*0QO0DO0**0D0O0©0*000DO00OO000000DQQO0O*0
o S S 5 S S S 5 S I SS I S S S S S S S I S S S S S 5S 5 S S S S S S S  • • • • • •  • IS S I  5 5 5 . 5 5 5 5 5 5 1  I S S I  • S S SS S S S S •

.3 
• 

00000000000000000000000000000000000000000000000

51) 0000000004f4 (ll153*0’5)00. ..I.ll**4.00000000000000000000000000000000000000000000000
U peD0*0000.. ~~..400sU,05)000*O000O*o000O000Oo0O0D0ODe*0OaD0Q0O0Q000Q000OOD0O00D
* . . S S.S S S S  S S S •S S S 5 S SS S S S SS S S  • S S S S S . S . S . SS S S S S SS S S S S S I  • SS . S S . l S .  I S S l I  S S S I

•1 5.1 00000000 0004400.. 00000000000 0000000000000000000 00000 00(0000000000

• • I • I • ; I • 
• 

•

S 04Cd000.40-s-0-s-s-0-0’* 0015m0.a.mO.000000000000.,0000r,00000000000000000000000000000
o0 0 1 0 0 00 4 0 4 0 4 0 4 1 - 0’... .4*... ... .-.00000000000000000000000000000000000000000000000

• C • S 5 S . S . . I . S S S I S S SS S IS . . . . . I . SS . .. S . S 5 . S. I . I, SS S S SS S S SS S SS SS I IS SS S S S I 5 S I

5 • 00.4000 • 00000000000000000000000 000000000000000000000000

I . I I I
• 0 CdPS*in01 -000 Cd5)l001-00 ’0 Cd5)lCO00-00’O Cd *U,400-00’D Cd5)*in00-00’o~~C45)lin01 -00’005)*inO0-*0’0

0 000.4. .I.1000.S04 Cd04 Cd04Cd5)5)5)5)5)V)v)5)5)5)l*.****** *If5U,sflSflU, ,0. .0000001-0-

I I I I I I I I
5 0000000000000000 ~~0OO0DO0e000ODQ0D0e0Oa0O000000000O0O0O0000D0*O00000000*
S
I • S S S I S I S SS S S S S SS S I SS S S I SI S I I I S . . .. • . . . 5 5 • S Sl I I S 5 • S 5 . S S S S I S I S S S SS • S •S S S S
S Cd5)*005-000..1d5 )lIfl00-2C’D..ICV550.I045) *lfl00-00s Ø.-5Cd5)*~$101-S 0’0 ...CW5)0.SI’d5)I5(0 ~~1-~~~~~0.41,15)~~~45.00-00~ 0.1045)
S .40.400 0.4.544 .SCd040404 o0 ..4 4~~~4.4(0W01CdCd

I I I • I i • I I
•4 .50~~~~I.4Cd0404041VCd(VCd04rd04 0415404(0104.404.4 (01040J04045)5)5) 5)V0Vb5)PS5)PSPS5)PSW) 5)VbPSPSPSPS PIPSOOPS
0 •.0000 00O*00000000O00000000O0O00*OO0~~ D0000*O00000O0000DQ0000000OG00005)0
5 • S S I • 5 S S S  • • S I SS S S S  5 5 5  5 5 5 1 5 5 5 5 5 1  • . S S . 5 •S S S  S 5 5 5 5 .  • l • sS S 5 S S S  I S S I S I S I S S  I l l S

• 0 .4.4 555 5 5 4 .5 Ir C 4 .  .4 .4 1o5 400000.4 ~~~5400 4 .. Il4 .4 ...I Ie. .. —. 554.4. 1*40

J 1’i
~~ H L H . iL L . .J

_ _ _
~~~

_r*_ _ 
~~~~~~~~ ~~~ ~~~~ -~~~~~ 

.
~~~~ ~~~~ -~~~~~ 

-
~~~~~ 

— — ~~~~~ 
~~~~• _•1 - - —~



• -~~~~~ - w -—- - — -
~

f I 

-

• I SS S S S . S S S S I I S S S . SS .S . . ..S 5 .S . .S S I S S.S . . .. . .  S S S S I I 5 I S•  5 5 5 5
.q..50.4.40...q00000000000000000000000c •0000000000000000000000*000

I I I
I f 

• 
I

00000000000 00 0 0000000*000*0*0000(00*0*000 000e300000 000e~
5 5 1 1 5  S S S S S I SS . S  I... I 5 * •~~~~I 5 S •  I • S I I S I  • I . I S I S S I • S l 5 5  5 5 5 5 5
0 00000 00000 00*000000*000*00*00000000000000*00*0

00000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000
S I S 5 S S I S I • 5 . 5  5 1 5 . 1 . 5 . . . .  . 5 4 . 5 . 5 .. ..  5 5 .5 . 5 5 . 5  . 5 5 5 . 5 5 . . S .  5 5 5 5
00000000000000000000000000000000000000000000000000000000000

0000 00 00000 0 000000 00000 00000 0000000000 0000000000000
00000000000000000000000000000 000CS 00*0 0000000000000000000000
5 5 5 5 1 l 5 S I t  • 1 . ..S S S I S S S.  • •5 5 • . I • . . •  • 5 S . . . S S . 5 S 5 S  1 5 5 5 . 1 .  5 5 5 5 1
00000000000000000000000000000000000000000000000000000000000•

0000000000000 eIO 00000000000000000000000r*0000015I00000000000000
0*000000000000000000000000000000000000000000o00000000000000
SSI...S ... l S S I S S ~~~. . 5 5 5 5 5 5 5 5 . 5  S S S S S . 5 I. .  5 5 5 5 5  S S S S S •  I S IS ~~~~~~~~~~~~~ 5
s-00’*.4.4r~lU,(0s-~~O’*..04(0e.40V00,g1(0(—~~ 0%QoI~,5)S COOP- SU’0..045)*..I04VO E

51* 4.41.5.40401 0401 .S ..s .4 504040404 -4 _S

000000*0000000000.-n ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 4
4 5 5 1* 1 .04 ..4 ~~~~~~~ 4 54_S .4~~~ _ S 5* 455 4 *. _~~~~.4

S S * S S S S .e  • 5 5 S . SS S I S  5 5 5 5 5  S 5 .. . S 5 I 5  S..5..S.....s 5 5 5 1 1 5 5 5 5 5 5 5 S

• I S S S S S I S S S • I •  5 5 5• • •5 • S 5 •S • S I  I 5 t I~~~~ S 5 5 5 5 S I I S 5 5 I 5 5 5 5 I S S S e • 5 5 5

0*0405)055— lOIn OOCOIOP- 00 .. V).OIIsCOJ (0OCOOCO000J000 .-n5 (05).400 000 * 040 *.*V’0 ,00’ (01 (0aI~0QCO0(0W’)0’
0’0-U,04* 5) 0-CO5).-.fl5-400 0400’P .0 f5).-I*SNCO 4 5).-I000 5.OCO O 04.-I0C’a’55P-1- (0

—— .4.4—————

• • I • 
• 

I

0000*0O000O*000000O00000O0O00*00000O0*0~~~0O0a00000*0QO0O00O0
00000000000000000000000000000000000000000000000000000000000
• I S S 5 S SS I  • I I S S • I S  • S 4 S l 5 I • S 5 5 •  5 5 5 5 • 5 1 1 5 5  . 1 5 5 5  s 5 S s . . S I S S S I .  5 •
00000000*000*00*000000 000000000000000000 0000000000000000000

0000000000000000000000 00000 00 0 000*000 *0000 *0000 00000000 0000
• 000000000000000000000000000000000000000000000000000000043000

I 5 5 5 5 5 5 5 5 5 5 5 5 5 5 S S 5 5 I S S S S S S S S S S S S 5 5 5 5 5 • • S S I S S S I 5 5 5 I S S S S
000000000000000000000000000 00C100 D0000 0000000000000000000000

• • I t — I
000000000000000000000000000000000000000000000000000000000C00
00000000000000000000000000 00000000000.3000000000000000000000
••5 5 5 5 5 5 5 5 5 5 5 5 5  • S • 5 • 55 • I 5  •• S I 1 5 1 5 5 5S 5 5 1 5  IS  S S S S 5 5 S IS I S  5 5 5 55 5
00000000000000000000000000000000e00000000000000000000000S..oo

I I

PS000P-00’0-I04V)4 Ifl .OP- S0~0..5l0JV)fU,,00-00~0..I0JVb4 Ifl ,O~-50’0..IN5)451O405-50’0.SC4V5lin.0p..S0*..
000’ 0000000000

I i r r r r ~ — r r
00000000000000000000000000000000000000 000000000000000000000
00OOOOO00000000000000D00Qe0l~ l300000O c30O0D*00000000QO00000DpJ0
•S 5 •• • • • •S  S S S S  S S 5 S • S I S I I  5 5 1 1 . 1 5 5 1  1 I 5 S S S S S S I  5 5 5  S S S S S S 5 S S S S I S  •

.-0.PS0040500 ’0...045)*in(00- 0.-.045)05404PS*U,401-000055045)OCO.0p..0C’0..045)00045)000p 000.-S
• .S 145454*545S 54041010404 0.4 .4..e.l.4o.4...4040404N - .1.4

I I • I I I I

000000000D0000000000 000 00000000000000 ooaoooooeoo000000ooaoo
5 1 5 5 5 5  S~~~~5 5 S I 5 t I  5 5 5 . 5 5 5 1 5 1  5 1 5 5 5 5 5 5 5  5 5 5 5 0 5 5 5 5 5  S 5 I S I 5 • 5 5 l S  S e l l
54*04 .4sS.. 5.s.4.4. .4.4 55.4.4r5. ~~~~~~~~~ •~~~~~~05S..S~~~. S 1 S  4.4,4. 5.4s4• I.4.5 .. I.I SSS•544.4 4 .4.0.4 54



• - -~~

• I -

a I
S I S S I S S S I SS S S S S S • 5 S  S..
0000000000*00000000

• • I 0.
I -

• • I

0000000000000000000 5) 5
000000*00*00000*0*0 5-40
S S I S 5 S S S S S  5 5 5 15 5 1 5 5  lOl
0000000*0*000000000 II)

0000000000000000000 0 5
0000000000000000000 45 40
• S S S S S I S S I  I S S S 4 I IS S  5~~~0000000000000000000 P-.~

.4

00000*0000000000*0* *•
00000*000*00*000000 p0(01 I
S I SS S I S 5 . . S SS . 5 . 5 . S  S. I
*00000000000000o000 .515 5.4 5 55-510 S 5 5.) • .0040 1 I

01 £5-00...5100’1-• __ 
30400 5 sf5) 300 I 504.4
.100000 (0 .J51O0’1- 01040

S 00’O’..5’05) 0*0’ 005.4
3 >05) 5)54* >0 .  54505-

0404040404010104040104040101040101015) Il) * 5- 5-
.3

• . • .  4 ’
5.- 0-

• 0 0
5- 5- I

(00000(0000000*00(00*0 0
000000*0000000000*0 0
•I S S S S S S S • S S S S • I • S S  5

5 5 •5)5- I I S 0’ I 51—0’ I S
.4.40404040 100 300ooP-o 3-00501-00

000 5 500 5 05-0 I •05—
500*5)5)05) .5 500440(00.5

0404040404045)5)5)5)5)5)5)5)5)5)5)5)5) • sO .40*0 5 0 00101
1 5 1~~~ 1 .5-4-4-4.5_S ‘4.4s 4’5 101.4 515004 ~~ ~~

S• •••• •I I I • • • •~~~~.~~~ S. erI 4 5.
-I
0.

5.500.5.. 2 ~~~5 S5flosI
3000040 4004 0 35050.500040

• 0*5) I •CsP’- II. 015* S SOS
• 55)4040000150

• 0 5000’ .1 I (01 5-00’
*04 .40.15 .3 0.4 0404

S I I 5 S I • IS I IS S S I S I S S  04 04
04.40450040 40* 505-.. 515.-I5-Ifl y)0404VI

I’. *5)5)5)5)0101004 (0101.4000.4.4
- 5 5 5 5 5 - 55  0 *5 5 0 0*5 5

901.5-5,1.150 5 30-uSO.40
I 000 5 55)5- 4’) 0000’ S 5*5)

I • • 5155-.-S0400 55-5) 0100
Is- .5~O40 0- I 5) 04(00
.0.4 *4.4 .4 40.4

00000000000 00000000
0000000000000*00000 5
S I S S S S S S S S S I S S SS S I S  . S •oeooooooooooooooooo C

• *5 5 2 *5 5
• • .1040 40 4410

Un’lG’ 0 ‘5.300’
- • - •oOoeooeeeoooeeeoeo ft ..SS. S 0.0111

.*oeoeo0000ooooao000 0 o *
S S S S S SS S S S S S S S I SS I S  (4 0- •4 I
0000000000000000000 •

I • (
0000000000000000000 00020-S 5)0050-S• 00000000*0000000000 0.25.1554
S S S 5 S S I I S S S S I S S I S S I UUS I 9 uux 53
0000000000000000000 U UU U (JU

5 4  • 5.4
I - • 

I 54
• 3 0

I 0 • • in

• PS0005)5)V1000004000000
.41.4 * 4 . 4.SO l.40S45 4.4 5- •

• 000000000000000000.
00000000000 eOooeooo

• 5 S S S S S S S S S I S S S I S S I S  • •

040404040404040040(0405- 5-5-5-
000000000 000000000.
5 5 5 5 55 5 5 55 5 5 55 5 5 5 5 5

( 4 5 5 4* 4 •  4.S.4• 4 4 4 5  4 4



• —— - w ~~~~~~~~~~~~ 
-

H H I
. . . S S . S S S . ..•  S . ..S S S S SS  • SI S S S S

• 54005 IlO5-5.Al.45)*..4000000005004*_S00000000• *sfl0.5 C’0. .IC45040.5040440000.-I
.0000(00.0 101*55-0.4
040.4005-405005)01

I I .4.4 , I
• 10 I I

• - I - • I
s • • I I
I • .4 • • I

• I 54 5~~~~I5 S 5 S S I S S SS I 5 S S I S S S I I S I S S S S S
S 0
• • I
• • 1-(0 50500050000.4 I -
• U0 20 0-_S • .45)04000400*5)04 •

0 0- •I~ • . 4. 4 1
.4 50 0’ 0 0, • I
0- .1 0. 0 0 I 

•
VS 4’)’ .. • .40 : ‘SI 514 • 0 . 5  I

54 .4 *0 • 5 5 S S I S SS I S I I S S 5 S S S S S I S S S S SS I S  ‘
- S. • S.) 5.O’.4000’5-01055050004500.5400_S.500000000

5.3.4 .1 5. 5) •
S • W*~ 0.50.4014000000OP15SI• - OS , • • ..00004050000.$ • I

• 2 • I~ ~~~~~~~ • I
• SI, - ss • .40 I
I I UI  (0) • I I •• - 0 0  20 U • • •
S - 4 0 0  .4 * 4 5 -
• 5—0 0.0 *0 5 5 45 0. .4 S I 5 • ’ S I SS S I S S 5 5 S S S S IS S 5 I 5S I S S 5 S

• 2 2 (150 0 10 ~
.I0 0 5 00005- 0...5-tISOIP’10040010’00 *04lOV)01.4 00000000

I ft . a 5-0 00 ~~0 — 5. 0.-Os-_SO 0l.OOJOOSfImOas O(g.5
• 514 S 40 20 0- 0 505)

I 0 ~~ .10 054 .4 5 0000405005)0—I -
• 0 S 0 5 0 .4.1 4I I 00 • I I

• U • X • -
2 0-0 0-0 *0 5 5515 .4 0.
4.3 0. 0 0.I .4
o a. 0 0 0 0 •XS4 5 5 ....S . . I SS SS . SS S I I S ..I S I I I S S S S

is 51 5 0 0 0-5.1 .4 03
z _ .i • * I .40 .4 .4 0 5 0 5-*5 ) 0 4 O l O 5-_ S i ,~O(05)_S_S05004.4
SI .1 • 0’ 11) 5 5 0 0. 2 54*0’ ~~500040 (05-0 *01,45- SI C • 50 • o ..o0400 (050*5)5)_S

•9 2 0- • 5) 5.1 5 •0-  .4s4 _S • I
S O  U045.$ w0 — 5.1 4 0 0 2 5 5’  • 

• •
• 2 5 0. 02 50 ‘00 5 .1 0 - • •
I 0 4  .4 500 • 0 0 40 0. 4
• 5 9 0-00 0’• U * 5..
5 ft 0 5.4 40 50 55 — I S S S SS S S S 5 S S SS S S S S 5 S S S I IS S I S S I
I C S SI • ft . S
I 5 5 0- 0 0 *0 U OIflOw)000.-.5 5)04000.5004.4
I 40 0- 9 0 0 ill 2 0. _S5)545-5.S.I5-5-5).404003_I
• 0 7000.4 400 5 5 .140 0 5 00005.50*000
* 5.4 0 *5.4 .1 5) 54 5.) S o Si. .4e~~~4 I
0 40 .1 5) 0.0 51- 0 • 

• -

0- 2 5.4 54 51) 0*4 .4 I •1 4 5 4  *4 50 0- 0 - 0
x : is
U • 00 5.) S S I S IS S S S S S 5 SS I S 5 S S I I 5 5 5 5S 5 5 5 5
5) ‘ • U 0.5405-04004000400404040504001105.00.500000000
SI ft_S 00 _j0 ~ ‘0 2 >0 0 -O .4 5 0- 0 0 5 I I 05)005.50*000 -• 0 U 0 1 1)  0 05 00 0  .4*4 -

I U o  S S I O 4 0 C JO0 • • I I
I 0- 1- 50 Cd (II SI I I I I
I 3~~ 5) Cd 50 I - i  • I I
I 0 5) 0. I • • I

I S 02 5)0 5 ) 5  5) I S S SI S S I I I SS S S S SI S S S I S IS S S SS S I

1 04 50)0 0. • 5-00500400005-0000.5 *(4d000C 400000(000
• I 5—0 00 5- • 040* C01D.~~~I5).4OSt)O0s05)40O_S

I 5’) .35 14 - 
• 

5-S.54..I00010’SVIOIflCd_S
• 54 540 5 • S 5 5 .30 5-0.4005.0005)0 • • *

I - • 5. 0 0 S.) I • 4 4  ‘ 
I

- 0 0 5 1 )00 55) I I0 0  54 I
SO. •~~ I I
4 0 s  . 4 0 . 4  - I
00 I 5) I • 5 5 . . . SI I 5 I 5 SS S5 I SS I S S S I S S I I I I S

I 00400 4000001OSfIOS.0.*00*5-0’404000000000
• I 0001

500’ *5)055*0040500*4
• • I I• I - 

• 0 0 0  I *4_S• . i _S • 
• 

I: •• •• I 5 • • 5 5 S 5 5 I IS I I SS I I I SS S I I S IS I I I 5 S SS
I I ~ 

•

• I
• 5000*5-04.4.405 -05)_S
I II SI N

.1 0- 5 *4.4
5.1 5- 0
2 54 54
0 4 1 0-
.14

lii 2 U 0 .>• 0 0 4 1 4 W
• • 4 . 3 . 1 5 4 . 3

~~~~~~~~~~ 

_ _  — -

~~~~~ 

-,



• — -•- — - ‘—I

U - I I

a 

. H — 

-

• H I
I S S S I I S S S S S I S I S S I I I S I S S I S S I I I S 0040040000400(4005-00400000000000000000 5

Cd.4005-0000000_I05404000.104050500000000000 I I S S S S S S S S I I • I I S S S I S S S I S S I S S S S
0040050.4050005.04004000000000000000000000000500000 000400..4 .4.4 .400040000001101100000000000

• *540.5 n4*4 454.4 I

~~~~~~~~~~~~~~~~~~~~~~~~~~I S S S S S S I S S I S S S S I S S I 5 I S 5 5 5 5 S I I
040004005-(00’5)5-540’0000104050500000000000 I S S S S I S I I ~ ~ ~ ~ ~ ~ ~ I I
000.I5(0045500105-504004.400’0000000*500’000I05000’0’O5 *004040104.5’...544040500000000140000145 )11)5)I4

54*4.4.4.4-4.554 _S . •

I • I
’

.
• S S S S S S S S S S I I S S S S I S S I I S S S S S S I S 000S.5)05.00105-00S.0400000000000005)00 5.1 I S0004 5 5

5)0.45-04000’.5000450.-..5(40’(050500000000000 I 5 5 5 5 I S I I S S S S S S S • S 1.1 S SI  5 5 1 5 1  I 5 2*50505-05)
0S5)~~S00400505)005)1-5)400000000’0’005’0000005’5l0050 *1-0400104.454.45405-50000000000000005 )VW) 904) 5 105)
5401005.5.40040405004 *4.4*4.5 *54_S..554SI54_I .15.005.04045)

• 04’S’ 005)54
• 

I • 
- >0.4 .45)51.

• I ! I

I I 5 5 5 5 5 5 5 5 5 5 I S 5 S S S 5 5 5 5 I S S S S S 5 5 0_S5-5-005”0401050S.0000000000050650000 0
0040000000000.400000sOSflst50000000000 I S S I S S S S S S I S S S S 5 5 5  5 I S S S 5 5 5 5 5  5 5  5-
0(0.4015-5) 0000550 ...*15000’0000I5 00O’e’Q.m 000115 .‘0001010.-.55-I.400500000000 *0000540SI5$W)
.4045)01-5-00400500545454.4 *454*4.4.554*4.4.4 

• 
• • 

-

• . I • ‘:I . 30404000_S
I I . 0400 S 550s4

I 500440400.4• 55) 005,1
5 5 IS I I S S S I S I I S S S S I S S I I S S S S S S I S 0*45000..1 01150100000’5).40000 000005200005) 0 545040

S S S I I I S S S S S S I S S S S S S I S 5 S S S S S S S S S.
0500’545-5)0000.55050-.000000000000000000000000’S’00 0500400Jc.j_S-I-l.0000500 0000V)00005100000011)

.4.554.5~~~~~~ 545.455

• - 
. • • 

SS S535OSI
5.4 . I - - - . I • • - 34050.400 .-Ia
• ‘ * I • • 01-0.500’
• * 

• • - e 5.405)00 -IS.
2 4 1414 5-00’
0 5 I S S S 5 5 I S S S S S S S S I I I 5 5 5 5 5 5 5 5 I S S 0-050050..105000500000*.50000005055500050 0_S 0404

(0) 4 5 5 s S S I S . S S S I I • • ~ s 5 s 5 5 (4
5)0045-0500400.-.5s-00*.-.0000000000’0000000’01000’0000 0*01045454.454.5*0005000*5)5)5)5)5)05)5)5)5)5)5)05)
*4_S5.5)5.5-5-sO.DOSAO*4_S.-I_S *4_S 4_S5454*4_S54 -

- ‘ I 5 5 5 5 5 5 45 5• I . 354000 *00
1 • I I • I 0000.S5)04

* - 
• I I 55.5) (015)0

5 5)  04405)
I I S 5 I 5 5 5 5 I I S S S I S S S S I I I I S S I S S I I 004.4550_S5500 00000.50000002000200000 40_S -

5)0’400’5-04*.5c,140004s-s005005-Os150000000000 S S S I S I I I S I I I S S I I I S S S S S S S S S S S S S
00005001-0-.0’vd000—.0*000’0000000000000000000’0’ **(4040104.554r 0°OO*O000005)0O000005)

_S54_SsS.5_S _S*4.5 51)
- , •  • ‘

I • I -I I 
I 0 •*~~• S 4.44000

I I I • I • •
‘ S - I • 0 0

5 5 5 5 5 5 5 I S I S 5 5 5 S 5 S ’S 5 5 S 5 5 5 5 S I S S S 0*40’000*45)00_S0’50.I..*_S00’~~~5)e5)5)5)€.5)5D5)5) 0 54 - *

• • 14.00000000500000400004005-.n.150000000000 I I S I S I • S S S S S S I S S I I I I S I S S I S S S S S I
• 00.5000005.0.5005000.-10000000’0’000000000000000’00 00*4045404 _S 50040500 ,00000000000000 *4

1 •
• • I

5.4 Ss.2WS5s.~~ I• I • S 54545 13.
I I • I 41 54541

• • • 2 . 4
• 5 I S I S SI  S I  I S S S S I S S S I S S ~ b I I S S I I 001-0’50010’.00.000010450.0000005)005200000 54 5) •

_SCdS.5)5-_S..I5 -(’ 44040SI~~sS5-05-40Sf5SS0*00***f 00 I S I I S I I S S I S S S S S S S S I S S I  S S S S I s 5 5 0- 9
00000’5).SP—& 0400400 L10400000’000’S’S’S’S’S’000’00S’ 00 5040101.4 ,4. -.0005000000051 W)00s0000’W)I I) .4 0

• _S 405)5-5-S.40~) 140500 I.4.IS • *4.0.5 *4..4*_Sn454 I •

• I ’ -, f f  I 
i _

I • 0-

S S I I I ~ 5 5 s~ ~ s s I ~ ~ s S s I 5 5 S I I S s . . S 0000400400400400 40’5-0050504001005 00.05)5)5)00
0’Cd50*4E’ )5)544)10000C000.4c 404150000000000 S I  I S S I I I S I II S I  S S I  S S S 5 5 5 5 5 5 5  • 5 5
0’•5)i35Ijj5-,*~ 01005. .. 4000C~ )00000’0’0’00*S0000000000 51)5 *44150404...4. u.e4045000000. I 1005)~~ ) 0511W• I
—.40.5) S.404040505004_S.4_S. _S_S_S..I*4_S 5454

54

a
• 0

-I
• 51.( • . I-

• 
• - I • 

- ‘-— I

• — — — i_S__S 
- ,~~~

.._ 
- 

-=__ - —



! AJ  T~~ •

1 - •

(r

a.,
I 0240 01 00
I 3~~ 005)00
I W.39 I S SS S
I Ss.oO 00000

I I 
* 

. I .
~~ ‘‘

I
‘I 00000

• 2 00000
• 5.439 ~•• • • I

* *00 _S S4.4 5
40 S 5 54 5 5)5)5)014
0400.0 0-5

54040 14 I
• • 55.05040 5

054 411 I I
) I

0 so.
00
~~~~ U) 00000 I• 0- S 00000 • I• 5) 4.43 • • •I•  •
51.1 0 0404050* * I

• 5) 955 00040* • •
• 0. 5- 00 • • I •5) I I • I

- S ‘ I
• 7 50 5 5  ‘ ,• .4 54000 I

• 50’ ~~> • . S . I  - 40- 0.11) 90 0.40*40 * •
0 5- .4 540 40,50)04 * I

J.I 0 SI5i.M . *040405- * ‘ •

.1 *5-11 *.s0004 I
* 4 .1 49 0.4 • 

• •• 55 o 50 1

I S I • . I 
•5 5) - 

I

I • 
I 

•
‘° I .  •I SW S I S S I  I •

0. 305- .00.4*0
0 2.40. 50005)405. I •

U 5155 ~~5-5-~~~~ 
- •

0- 9 5104.)
2 • I I ‘ ..4 40 I 5 20 • •
2 >0•0 • I 

• -
• S 55)

3 ~111) I • I I •5) -C • • • I
• 2 2  - •• N-

SI 20-0 5)00*00 *
S ssS I SIS I  -
51 *5._ (‘4.4_S •

. 1

• L> 5> H ‘

‘

• S.4~0 *00.1 04014*50
44.3 3q.3 0000040 ’
>554 . 20-S.) 5 . 5 1 5  I I •
SilON~ ...S s 0d0404.4 • I S
.50-3 *W~~ 54,*i_S*4• 5.4140 45)5

• I~ 1 0 1 . •~I
I • 4 0. 5 5 5 5 5
I 5
I
S
I
I

• I
S
I
I •

S

n ~~~~~~~~~~~~~~~
- 

. •- •

— — -~~~~ • — — — — _ - I



• ~~~~~ 1.~~ — -

STORCH ENGINEERS Sh..t____ of _ _ _ _

Project ~A ~—x-- ~~~~~~~
— Mad. By E A\?’1 fl .t. ~~~

-( %~~PV~~ P~~~ tE~ D E~
( Ot~’t’~ ~hkd By Dat.____

UQ.

• 0  • 

-“-~~~~~~ 

~r
’
~

~~~~

2 o
4

’ .:~‘1d•1~



• — - - w -  -
~~ 

-

• 

-

~~~~~

•

~~~~

• 

.

• S

APPENDIX 5

• Bibliography

• •

I
-

J ‘
S.

‘I., 
5* 

• 

I
.

_ _ __ _ _ _ _  • -



• — -  w —
~~~ 

- •

(‘ 1. Reccmmended Guidelines for Safety Inspection of Dams ,0 Department
of the Army, Office of the Chief of Engineers, Washington, D.

• C. 20314.

2. DesIgn of Small Dams,- Second Edition, United States Department
of the Interior, Bureau of Reclamation, United States óovernment
Printing Office, Washington, 1973.

3. Holman, William W. and Jumikis, Aifreds R., Engineering Soil
Survey of New Jersey, Report No. 20 Burlington County, Rutgers
University, New Brunswick, N. J. 1953.

4. %eologic Map of New Jersey0 prepared by J. Vol ney Lewis and
Henry B. Kumel, dated 1910 - 1912.

5. Stankowski, Stephen J., Magnitude and Frequency of Floods
in New Jersey with Effects of Urbanization, Special Report 38,

* 
State of New Jersey Department of Environmental Protecton,
Division of Water Resources, 1974.

• 6. Herr, Lester A., Hydraulic Charts for the Selection of Highway
• Culverts, U.S. Department of Transportation, Federal Highway

AdminIstration, 1965.

• -• . 7. Safety of Small Dams, Proceedings of the Engineering Foundation
• Conference, American Society of Civil Engineers, 1974.

8. • King, Horace Williams and Brater, Ernest F., Handbook of
Hydraulics, Fifth edition, McGraw-Hill Book Compafly, 1963.

9. avis, Calv in Victor, (ed.) Handbook of Appl ied Hydraulics,
• ;• 

Second Edition, McGraw-Hill Book Ccmpany, 1952

1:’



• - w —

•1

I ‘

I’ •

• C 10. Clark, C.O., “Storage and the Unit Hydrograph” Paper No. 2261,
Transactions, American Society of Civil Engineers, 1945.

• 11. Construction Drawing: “Repairs to Mill Dam Walls ” dated May

1973,
• prepared by Richard A. Alaimo Assoicates, Mount Holly, N.J.

S

• 

• 

•

a


